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ABSTRACT 


Artemisinin resistance in Plasmodium falciparum 
threatens the remarkable efficacy of artemisinin- 
based combination therapies worldwide. Thus, 
greater insight into the resistance mechanism using 
monitoring tools is essential. The ring-stage survival 
assay is used for phenotyping artemisinin-resistance 
or decreased artemisinin sensitivity. Here, we review 
the progress of this measurement assay and explore 
its limitations and potential applications. 


Keywords: Malaria, Artemisinin; Resistant phenotype; 
Ring-stage survival assay; Improvement; Application 


INTRODUCTION 


Malaria, which is mainly caused by Plasmodium falciparum, is a 
long-term worldwide public health problem. An estimated 216 
million new cases occurred globally in 2016, resulting in 445 000 
deaths (WHO, 2017). Despite significant progress in reducing 
morbidity and mortality rates in many areas of endemicity, drug 
resistance has become a challenging issue. Since P. falciparum 
developed resistance to chloroquine and sulfadoxine- 
pyrimethamine, malaria has spread rampantly throughout Asia 
and Africa over the last several decades (Snow et al., 2001, 
Trape et al., 1998), posing serious difficulties for its control and 
elimination. 

Originally discovered in China, artemisinin (ART) and its 
derivatives, including dihydroartemisinin (DHA), artemether, and 
artesunate, demonstrate high performance, low toxicity, and 
limited cross-resistance with other antimalarial drugs (Li et al., 
1979: Miller 4 Su, 2011). ART is at the frontline for the 
treatment and possible cure of malaria (Fairhurst, 2015): 
however, along with its global application, resistance to ART 
has developed and increased in many regions. Since its first 
detection in 2008 (Noedl et al., 2008) and 2009 (Dondorp et al., 
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2009) in westem Cambodia, ART resistance has appeared 
successively in other countries of the Greater Mekong 
Subregion, manifesting with a reduced parasite clearance rate 
or prolonged in vivo parasite clearance time following treatment 
with ART-based combination therapies (ACTs) (Amaratunga et 
al., 2012, Ashley et al., 2014: Hien et al., 2012, Huang et al., 
2015; Kyaw et al., 2013; Phyo et al., 2012). For many decades, 
Southeast Asia (SEA) has been an epicenter for the evolution 
of drug-resistant falciparum malaria, and the emergence of ART 
resistance in SEA is of great concern for the global control of 
falciparum malaria (Fairhurst, 2015). 


RING-STAGE SURVIVAL ASSAY 
Hidden within ART-resistant parasites is the ability to remain 
dormant in the ring stage after exposure to ART, as well as 
recovery at a rapid rate, resulting in numerous parasites 
enduring DHA-exposed dormancy (Codd et al., 2011, Teuscher 
et al., 2010). Due to these special characteristics, despite 
substantial reductions in the clinical response to ART observed 
in falciparum malaria, in vitro concentrations resulting in 50% 
growth inhibition in a conventional 48 h exposure assay were 
relatively low and did not contribute to slow parasite clearance 
or ACT failure (Dondorp et al., 2009; Saralamba et al., 2011; 
Woodrow & White, 2017). It is, therefore, necessary to 
implement rapid and exact monitoring to halt the further spread 
of ART-resistance. 

Hence, the ring-stage survival assay (RSA) was recently 
established as a new protocol in the surveillance of ART 
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resistance, and can distinguish culture-adapted isolates with 
fast clearance or slow-clearing rates that can survive 
pharmacologically relevant doses of ART (Dondorp et al., 2009: 
Witkowski et al., 2013a). Previous therapeutic efficacy studies 
have demonstrated a clear correlation between RSA in vitro and 
day 3 parasitemia positivity as well as mutations in the Kelch 
domain gene (K13) associated with resistance (Woodrow & 
White, 2017: Ariey et al., 2014, Wang et al., 2015, Zhang et al., 
2016). Current data have shown RSA to be an important assay 
for ART resistance in vitro. 

In RSA, young ring-stage parasite cultures (0-3 h), tightly 
synchronized by 5% sorbitol, are exposed to 700 nmol/L DHA 
or 0.1% dimethyl sulfoxide (DMSO) as controls for 6 h, then 
cultivated for 66 h after twice or thrice drug washing. At the end 
of the assay, survival rates of these isolates are calculated as 
the ratio under the microscope of viable parasites surviving 
DHA-induced incubation relative to initial conditions (http:// 
www.wwarn.org/tools-resources/procedures/ring-stage-survival- 
assays-rsa-evaluate-vitro-and-ex-vivo-susceptibility). In general, a 
21% survival rate is defined as an ART-resistant strain (Figure 1). 
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(E) Counting viable parasites 


Figure 1 Schematic representation of the ring-stage survival assay 
in vitro 


This method can decrease interference caused by the 
internal variables of the host, such as organism immunity level, 
allosteric effects of hemoglobin, and capability to metabolize 
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drugs (Amaratunga et al., 2012; Witkowski et al., 2013a). RSA 
in vitro is proposed to give phenotypic information, thus enabling 
screening for reduced susceptibility to ART in prolonged 
clearance parasites (Witkowski et al., 2013b). 


IMPROVED METHODS FOR RSA 

While feasible and efficient for the surveillance of ART resistance, 
the RSA tool has several limitations, including sophisticated 
Percoll gradient centrifugation, biased assessment of the degree 
of sorbitol synchronization treatment, and exacting requirements 
for counting viable parasites (Witkowski et al., 2013a). In 
Whitney A. Kite's laboratory, two alternative RSA methods have 
been developed, that is, filtration ring-stage survival assay and 
sorbitol-only ring-stage survival assay. The first is essentially a 
filtration process in which the 0-3 h fresh post-invasion rings 
are obtained after filtering out the merozoites from mature forms. 
The latter assay performs a repeated step of high synchronization 
prior to measurement, with the remaining late-stage schizonts 
typically removed, except for the early rings. Compared with the 
standard RSA protocol, these modifications have shown a 
marked increase in phase-specificity as well as less time in 
culture, fewer lab resources, and lower volume of isolates (Kite 
et al., 2016). In addition, to limit the inherent variability of 
microscopic examination, Amaratunga et al. (2014) developed a 
quick and simple bi-color flow cytometric assay - RSA-2FACS 
and MitoTracker deep red FM (MTDR) - to accurately quantify 
observations of viable parasites applied to the RSA. In their 
study, mitochondrial DNA is readily dyed using the Mito Tracker 
deep red FM method, allowing for the selection of viable 
parasites from pyknotic strains (Amaratunga et al., 2014). In 
addition, Dogovski et al. (2015) suggested direct assessment of 
the drug-induced growth effects in western Cambodian parasites. 
For this, the RNA-binding dye SYTO-61, which can distinguish 
isolates in different stages, was used as a fluorescent marker to 
determine whether parasites that survived DHA exposure 
exhibited growth retardation. By comparison with no-drug 
controls, the decreased SYTO-61 signal in the drug-treated 
samples exhibited an absolute increase in the number of viable 
parasites (Dogovski et al., 2015). 


PROSPECT AND APPLICATION OF RSA 

The traditional RSA approach was first carried out by Witkowski 
and colleagues based on sensitivity to DHA exposure at 
different stages. Their results demonstrated that median ring- 
stage survival of laboratory lines collected in western Cambodia 
with slow-clearing infection was 47-fold higher than those with 
normal ART sensitivity in RSA°™ (0.23 and 10.88%, respectively), 
whereas no significant differences were observed in RSA" or 
trophozoite-stage survival assay (TSA 9?'^) rates (Witkowski et 
al., 2013a). In contrast, Cui et al. (2012) demonstrated that the 
ART resistance phenotype was associated with the dormancy 
mechanism not only at the development of the ring stage, but 
also in trophozoites and schizonts (Cui et al., 2012). Thus, the 
different consequences involved in the characteristics of this 
phenotype require additional empirical evidence. Cooper et al. 
(2015) documented that DHA susceptibility using the standard 
RSA based on the IC50 value for ART failed to clarify resistance 


in P. falciparum parasites from Kampala, Uganda, with the 
parasitemia of almost all isolates dropping to a much lower level 
(<0.025%) after the 72-h assay, revealing no sign of ART 
resistance. Susceptibility to ART in Cameroonian isolates was 
also identified using ex-vivo RSA, with the DHA-treated cultures 
showing almost no healthy-appearing parasites (median survival 
rate=0.49%, IQR=0% to 1.3%) (Menard et al., 2016). However, 
reduced ART drug in-vitro sensitivity of parasites from the 
China-Myanmar border was reported after assessment of early 
ring-stage survival by comparing 34 clinical isolates with the 
3D7 reference standard strain (Zhang et al., 2016). 

The RSA°°" assay was recently developed to test ART 
resistance for P. falciparum isolates. This assay has been 
subsequently improved in terms of simplicity and practicality. 
Thus, the growing availability of RSA will increase the convenience 
and ease of investigating ART responses in laboratory testing. 


REFERENCES 


Amaratunga C, Sreng S, Suon S, Phelps ES, Stepniewska K, Lim P, Zhou 
CJ, Mao S, Anderson JM, Lindegardh N, Jiang HY, Song JP, Su XZ, White 
NJ, Dondorp AM, Anderson TJC, Fay MP, Mu JB, Duong S, Fairhurst RM. 
2012. Artemisinin-resistant Plasmodium falciparum in Pursat province, 
western Cambodia: a parasite clearance rate study. The Lancet Infectious 
Diseases, 12(11): 851-858. 

Amaratunga C, Neal AT, Fairhurst RM. 2014. Flow cytometry-based 
analysis of artemisinin-resistant Plasmodium falciparum in the ring-stage 
survival assay. Antimicrobial Agents and Chemotherapy, 58(8): 4938-4940. 
Ariey F, Witkowski B, Amaratunga C, Beghain J, Langlois AC, Khim N, Kim 
S, Duru V, Bouchier C, Ma L, Lim P, Leang R, Duong S, Sreng S, Suon S, 
Chuor CM, Bout DM, Menard S, Rogers WO, Genton B, Fandeur T, Miotto 
O, Ringwald P, Le Bras J, Berry A, Barale JC, Fairhurst RM, Benoit-Vical F, 
Mercereau-Puijalon O, Menard D. 2014. A molecular marker of artemisinin- 
resistant Plasmodium falciparum malaria. Nature, 505(7481): 50-55. 
Ashley EA, Dhorda M, Fairhurst RM, Amaratunga C, Lim P, Suon S, Sreng 
S, Anderson JM, Mao S, Sam B, Sopha C, Chuor CM, Nguon C, 
Sovannaroth S, Pukrittayakamee S, Jittamala P, Chotivanich K, Chutasmit 
K, Suchatsoonthorn C, Runcharoen R, Hien TT, Thuy-Nhien NT, Thanh NV, 
Phu NH, Htut Y, Han KT, Aye KH, Mokuolu OA, Olaosebikan RR, Folaranmi 
OO, Mayxay M, Khanthavong M, Hongvanthong B, Newton PN, 
Onyamboko MA, Fanello CI, Tshefu AK, Mishra N, Valecha N, Phyo AP, 
Nosten F, Yi P, Tripura R, Borrmann S, Bashraheil M, Peshu J, Faiz MA, 
Ghose A, Hossain MA, Samad R, Rahman MR, Hasan MM, Islam A, Miotto 
O, Amato R, Macinnis B, StalkerJ, Kwiatkowski DP, Bozdech Z, Jeeyapant 
A, Cheah PY, Sakulthaew T, Chalk J, Intharabut B, Silamut K, Lee SJ, 
Vihokhern B, Kunasol C, Imwong M, Tarning J, Taylor WJ, Yeung S, 
Woodrow CJ, Flegg JA, Das D, Smith J, Venkatesan M, Plowe CV, 
Stepniewska K, Guerin PJ, Dondorp AM, Day NP, White NJ. 2014. Spread 
of artemisinin resistance in Plasmodium falciparum malaria. The New 
England Journal of Medicine, 371(5): 411-423. 

Codd A, Teuscher F, Kyle DE, Cheng Q, Gatton ML. 2011. Artemisinin- 
induced parasite dormancy: a plausible mechanism for treatment failure. 
Malaria Journal, 10: 56. 

Cooper RA, Conrad MD, Watson QD, Huezo SJ, Ninsiima H, Tumwebaze P, 
Nsobya SL, Rosenthal PJ. 2015. Lack of artemisinin resistance in 
Plasmodium falciparum in Uganda based on parasitological and molecular 


Assays. Antimicrobial Agents and Chemotherapy, 59(8): 5061-5064. 

Cui L, Wang ZL, Miao J, Miao M, Chandra R, Jiang HY, Su XZ, Cui LW. 
2012. Mechanisms of in vitro resistance to dihydroartemisinin in 
Plasmodium falciparum. Molecular Microbiology, 86(1): 111—128. 

Dogovski C, Xie SC, Burgio G, Bridgford J, Mok S, McCaw JM, 
ChotivanichK, Kenny S, Gnadig N, Straimer J, Bozdech Z, Fidock DA, 
Simpson JA, Dondorp AM, Foote S, Klonis N, Tilley L. 2015. Targeting the 
cell stress response of Plasmodium falciparum to overcome artemisinin 
resistance. PLoS Biology, 13(4): e1002132. 

Dondorp AM, Nosten F, Yi P, Das D, Phyo AP, Tarning J, Lwin KM, Ariey F, 
Hanpithakpong W, Lee SJ, Ringwald P, Silamut K, Imwong M, Chotivanich 
K, Lim P, Herdman T, An SS, Yeung S, Singhasivanon P, Day NPJ, 
Lindegardh N, Socheat D, White NJ. 2009. Artemisinin resistance in 
Plasmodium falciparum malaria. The New England Journal of Medicine, 
361(5): 455-467. 

Fairhurst RM. 2015.Understanding artemisinin-resistant malaria: what a 
difference a year makes. Current Opinion in Infectious Diseases, 28(5): 
417-425. 

Hien TT, Thuy-Nhien NT, Phu NH, Boni MF, Thanh NV, Nha-Ca NT, Thai LH, 
Thai CQ, Toi PV, Thuan PD, Long LT, Dong LT, Merson L, Dolecek C, 
Stepniewska K, Ringwald P, White NJ, Farrar J, Wolbers M. 2012. /n vivo 
susceptibility of Plasmodium falciparum to artesunate in Binh Phuoc 
Province, Vietnam. Malaria Journal, 11: 355. 

Huang F, Takala-Harrison S, Jacob CG, Liu H, Sun XD, Yang HL, Nyunt 
MM, Adams M, Zhou SS, Xia ZG, Ringwald P, Bustos MD, Tang LH, Plowe 
CV. 2015. A single mutation in K13 predominates in southern china and is 
associated with delayed clearance of Plasmodium falciparum following 
artemisinin treatment. Journal of Infectious Diseases, 212(10): 1629-1635. 
Kite WA, Melendez-Muniz VA, Moraes Barros RR, Wellems TE, Sá JM. 
2016. Alternative methods for the Plasmodium falciparum artemisinin ring- 
stage survival assay with increased simplicity and parasite stage-specificity. 
Malaria Journal, 15: 94. 

Kyaw MP, Nyunt MH, Chit K, Aye MM, Aye KH, Aye MM, Lindegardh N, 
Tarning J, Imwong M, Jacob CG, Rasmussen C, Perin J, Ringwald P, Nyunt 
MM. 2013. Reduced susceptibility of Plasmodium falciparum to artesunate 
in southern Myanmar. PLoS One, 8(3): e57689. 

Li Y, Yu PL, Chen YX, Li LQ, Gai YZ, Wang DS, Zheng YP. 1979. Synthesis 
of some derivatives of artemisinine. Chinese Science Bulletin, 24(14), 667— 
669. (in Chinese) 

Menard S, Tchoufack JN, Maffo CN, Nsango SE, lriart X, Abate L, Tsapi MT, 
Awono-Ambéné PH, AbegaMekongo FA, Morlais |, Berry A. 2016. Insight 
into k13-propeller gene polymorphism and ex vivo DHA-response profiles 
from Cameroonian isolates. Malaria Journal, 15(1): 572. 

Miller LH, Su XZ. 2011. Artemisinin: discovery from the Chinese herbal 
garden. Cell, 146(6): 855—858. 

Noedl H, Se Y, Schaecher K, Smith BL, Socheat D, Fukuda MM. 2008. 
Evidence of artemisinin-resistant malaria in western Cambodia. The New 
England Journal of Medicine, 359(24): 2619-2620. 

Phyo AP, Nkhoma S, Stepniewska K, Ashley EA, Nair S, McGready R, ler 
Moo C, Al-Saai S, Dondorp AM, Lwin KM, Singhasivanon P, Day NPJ, 
White NJ, Anderson TJC, Nosten F. 2012. Emergence of artemisinin- 
resistant malaria on the western border of Thailand: a longitudinal study. 
The Lancet, 379(9830): 1960-1966. 

Saralamba S, Pan-Ngum W, Maude RJ, Lee SJ, Tarning J, Lindegárdh N, 
Chotivanich K, Nosten F, Day NPJ, Socheat D, White NJ, Dondorp AM, 


Zoological Research 38(6): 317—320, 2017 319 


White LJ. 2011. Intrahost modeling of artemisinin resistance in Plasmodium 
falciparum. Proceedings of the National Academy of Sciences of the United 
States of America, 108(1): 397-402. 

Snow RW, Trape JF, Marsh K. 2001. The past, present and future of 
childhood malaria mortality in Africa. Trends in Parasitology, 17(12): 593- 
597. 

Teuscher F, Gatton ML, Chen N, Peters J, Kyle DE, Cheng Q. 2010. 
Artemisinin-induced dormancy in Plasmodium falciparum: duration, recovery 
rates, and implications in treatment failure. The Journal of Infectious Diseases, 
202(9): 1362-1368. 

Trape JF, Pison G, Preziosi MP, Enel C, du Loŭ AD, Delaunay V, Samb B, 
Lagarde E, Molez JF, Simondon F. 1998. Impact of chloroquine resistance 
on malaria mortality. Comptes Rendusde I'Academie Des Sciences-Series 
Ill-Sciences de la Vie, 321(8): 689-697. 

Wang ZL, Wang YN, Cabrera M, Zhang YM, Gupta B, Wu YR, Kemirembe 
K, Hu Y, Liang XY, Brashear A, Shrestha S, Li XL, Miao J, Sun XD, Yang 
ZQ, Cui LW. 2015. Artemisinin resistance at the China-Myanmar border and 
association with mutations in the K13 propeller gene. Antimicrobial Agents 
and Chemotherapy, 59(11): 6952-6959. 


WHO. 2017. World Malaria Report 2017. Geneva, Switzerland: World 


Health Organization. 

Witkowski B, Amaratunga C, Khim N, Sreng S, Chim P, Kim S, Lim P, Mao 
S, Sopha C, Sam B, Anderson JM, Duong S, Chuor CM, Taylor WRJ, Suon 
S, Mercereau-Puijalon O, Fairhurst RM, Menard D. 2013a. Novel 
phenotypic assays for the detection of artemisinin-resistant Plasmodium 
falciparum malaria in Cambodia: in-vitro and ex-vivo drug-response studies. 
The Lancet. Infectious Diseases, 13(12): 1043-1049. 

Witkowski B, Khim N, Chim P, Kim S, Ke S, Kloeung N, Chy S, Duong S, 
Leang R, Ringwald P, Dondorp AM, Tripura R, Benoit-Vical F, Berry A, 
Gorgette O, Ariey F, Barale JC, Mercereau-Puijalon O, Menard D.2013b. 
Reduced artemisinin susceptibility of Plasmodium falciparum ring stages in 
western Cambodia. Antimicrobial Agents and Chemotherapy, 57(2): 914-923. 


Woodrow CJ, White NJ. 2017. The clinical impact of artemisinin resistance 
in Southeast Asia and the potential for future spread. FEMS Microbiology 
Reviews, 41(1): 34-48. 

Zhang YM, Wu YR, Hu Y, Wang LQ, Ruan YH, Ma N, Li SM, Wang YN, Jia 
DD, Xiang Z, Yang ZQ. 2016. In vitro susceptibility of Plasmodium 
falciparum to artemisinin drugs and K13-Propeller polymorphisms at the 
China-Myanmar border. Chinese Journal of Zoonoses, 32(3): 219-223. (in 
Chinese) 


Obituary: Professor Colin Groves (1942-2017) 


It is with deep regret and sorrow that Zoological Research (ZR) notes the passing of 
Professor Colin Peter Groves, 75, on November 30, 2017. Professor Groves was a 
Professor of Biological Anthropology at the Australian National University in Canberra, 
Australia. He was a passionate researcher with wide interests, including human 
evolution, primates, mammalian taxonomy, skeletal analysis, biological anthropology, 


ethnobiology, and biogeography. 


As a very productive scientist, he conducted extensive fieldwork in China, Democratic 
Republic of Congo, India, Indonesia, Iran, Kenya, Rwanda, Sri Lanka, Tanzania, and many 
other countries. As one of the world's leading anthropologists and taxonomists, he 





described and recognized more than 50 mammal species during his career and had a 

profound impact on many scientific fields. Furthermore, as a prominent scientist, Professor Groves generously promoted the 
development of ZR. He joined the editorial board in 2014 and fulfilled his duties faithfully and diligently. Despite his poor health, he 
continued to contribute to our journal, providing an excellent review article in ZR's Volume 37, Issue 3, 2016, entitled “Systematics of 
the Artiodactyla of China in the 21“ century” (pp.119—125), which introduced the concept of evolutionary species and discussed its 
effects on the taxonomy of Artiodactyla in China. Professor Groves was a respected member of our editorial board, and all members 
and editors of ZR greatly cherish his contributions and generosity. His passing is a great loss not only for our journal, but the entire 


scientific community. 
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ABSTRACT 


Extreme environments, such as subterranean habitats, 
are suspected to be responsible for morphologically 
inseparable cryptic or sibling species and can bias 
biodiversity assessment. A DNA barcode is a short, 
standardized DNA sequence used for taxonomic 
purposes and has the potential to lessen the challenges 
presented by a biotic inventory. Here, we investigate 
the diversity of the genus Leptonetela Kratochvil, 
1978 that is endemic to karst systems in Eurasia 
using DNA barcoding. We analyzed 624 specimens 
using one mitochondrial gene fragment (CON. The 
results show that DNA barcoding is an efficient and 
rapid species identification method in this genus. 
DNA barcoding gap and automatic barcode gap 
discovery (ABGD) analyses indicated the existence 
of 90 species, a result consistent with previous 
taxonomic hypotheses, and supported the existence 
of extreme male pedipalpal tibial spine and median 
apophysis polymorphism in Leptonetela species, 
with direct implications for the taxonomy of the group 
and its diversity. Based on the molecular and 
morphological evidence, we delimit and diagnose 90 
Leptonetela species, including the type species 
Leptonetela kanellisi (Deeleman-Reinhold, 1971). 
Forty-six of them are previously undescribed. The 
female of Leptonetela zhai Wang & Li, 2011 is 
reported for the first time. Leptonetela tianxinensis 
(Tong & Li, 2008) comb. nov. is transferred from the 
genus Leptoneta Simon, 1872; the genus Guineta 
Lin & Li, 2010 syn. nov. is a junior synonym of 
Leptonetela; Leptonetela gigachela (Lin 8 Li, 2010) 
comb. nov. is transferred from Guineta. The genus 
Sinoneta Lin & Li, 2010 syn. nov. is a junior synonym 
of Leptonetela, Leptonetela notabilis (Lin 8 Li, 2010) 
comb. nov. and Leptonetela sexdigiti (Lin & Li, 2010) 
comb. nov. are transferred from Sinoneta; Leptonetela 
sanchahe Wang 8 Li nom. nov. is proposed as a 
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replacement name for Sinoneta palmata (Chen et al., 
2010) because Leptonetela palmata is preoccupied. 


Keywords: DNA barcoding; Phylogeny; Phenotype; 
Species delineation 


INTRODUCTION 


Subterranean ecosystems, such as caves and cracks, are 
evident mainly in karst areas, which represent nearly 496 of the 
rocky outcrops of the world. These environments are marked by 
permanent darkness, a lack of diurnal and annual rhythms, and 
extremely scarce food sources (Culver & White, 2005; Howarth, 
1983; Poulson & White, 1969). Many studies show that despite 
stressful and unfavorable conditions, the subsurface habitat 
harbors diverse animal communities (mainly invertebrates) 
(Amara-Zettler et al., 2002; Flot et al., 2010; Lopez-Garcia et al., 
2001; Mathieu et al., 1997; Niemiller et al., 2012; Sket, 1999). 
Troglobionts are expected to adopt strategies that are 
characterized by significant geographic isolation and numerous 
local endemics (Convey, 1997; Waterman, 2001). Because the 
diversity of possible adaptive responses declines with stress 
intensity (Nevo, 2001), evolution in harsh environments is also 
expected to be influenced by convergence (Little & Vrijenhoek, 
2003; Rothschild & Mancinelli, 2001; Waterman, 2001). 
Therefore, in subterranean, and more generally in extreme 
environments, diversification and speciation processes should 
be largely influenced by island-like habitats, such as caves, 
allopatric speciation and vicariant events, and could be masked 
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by morphological convergence. For these groups of organisms, 
morphology alone cannot determine species boundaries, so 
identifying morphologically inseparable cryptic or sibling species 
requires an integrative approach that often includes DNA 
analysis. 

DNA barcoding relies on the use of a standardized DNA region 
as a tag for accurate and rapid species identification (Hebert & 
Gregory, 2005) and has been used to help overcome the 
“taxonomic impediment' (Herbert et al., 2003a; Tautz et al., 2003). 
It aids in the identification of species in applied settings, the 
association of morphologically distinct life-cycle forms within a 
species, the detection of host-specific lineages and the detection 
of morphologically cryptic species (Miller & Foottit, 2009). DNA 
barcoding has been used in a diverse range of vertebrate and 
invertebrate taxa (Clare et al., 2007; Ratnasingham & Hebert, 
2007) and has enabled an increasing number of taxa to be 
identified. For example, a survey of crustacean stygofauna 
suggests that there could be substantial levels of subterranean 
biodiversity hidden in Australia’s acquifer (Asmyhr & Cooper, 
2012). Nevertheless, the exclusive use of single-locus molecular 
gene fragments is not without risks, for identical mitochondrial 
DNA sequences can be present in unrelated species due to 
introgression, or incomplete lineage sorting (Ballard 4 Whitlock, 
2004). Additionally, the use of a divergence threshold for 
distinguishing intra- vs. interspecific sequence variation (Hebert et 
al., 2003a) can seriously compromise species identification and 
suffers from severe statistical problems (Vences et al., 2005). 
Furthermore, species misidentification has been observed when 
a reference database is not comprehensive; such that is does not 
contain all the species of the group under study (Meyer & Paulay, 
2005). 

The South China karst, a United Nations Educational, Scientific 
and Cultural Organization (UNESCO) World Heritage Site since 
2007, is noted for its karst features and landscapes as well as rich 
biodiversity. Numerous subterraean species have been reported in 
this region, especially invertebrate fauna (Zhang, 1986). The 
spider genus Leptonetela is discontinuously distributed in the 
South China karst and the Balkan Peninsula, a karstic region in 
Europe. The genus has 54 catalogued species (World Spider 
Catalog, 2017), and with one exception (L. pungitia Wang 8 Li, 
2011), nearly all Leptonetela species are endemic to either a 
single cave or a cave system. The spiders are cave adapted as 
shown by morphological features, such as vestigial eyes and 
highly reduced skin pigmentation. Over the past nine years, we 
have conducted extensive surveys of subterranean biodiversity in 
Eurasia. More than 1 500 caves were visited, and we ultimately 
sampled 122 Leptonetela populations (caves). Rapid and accurate 
identification within this genus is difficult due to congeneric 
species sharing similar morphological traits, a lack of obvious 
morphological differences between closely related species and 
some species only differ in one or a few quantitative differences, 
such as the location, length ratio or thickness of the male 
pedipalpal tibial spines and the number of teeth on the median 
apophysis. 

In this study, we test the usefulness of DNA barcoding for 
species identification in the subterranean genus Leptonetela 
and investigate the diversity of the genus. The standard 
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molecular barcode, cytochrome c oxidase subunit | (CO) was 
used. A species discovery method, automatic barcode gap 
discovery (ABGD) (Puillandre et al., 2012), and a species 
validation method, DNA barcoding gap analysis, (Hebert et al., 
2003b) were both used, depending on whether the samples 
were partitioned prior to analysis. The main goals of our study 
were: (i) to test whether the CO/ barcoding fragment can 
reliably resolve and identify subterranean Leptonetela species 
by comparing the COI barcode fragment results with those from 
morphological data; (ii) to test taxonomic value of morphological 
characters used in traditional methods of classification. 


MATERIALS AND METHODS 


Taxon sampling 

We sampled 624 Leptonetela individuals from 122 populations 
(caves) (Supplementary Table S1) in Eurasia (Insular and 
Peninsular Greece, and Southeast Asia; see inset in Figure 1). 
Nine individuals from three other genera of the family 
Leptonetidae were chosen as outgroups. All specimens were 
collected alive, fixed in absolute ethanol, and the legs were 
removed for subsequent DNA extraction. The remaining 
specimens were preserved in 80% ethanol for identification and 
morphological examination. Voucher specimens and all type 
specimens were deposited in the Institute of Zoology, Chinese 
Academy of Sciences (IZCAS), Beijing, China. 


Molecular protocols 

Total genomic DNA was extracted using the Animal Genomic 
DNA Isolation Kit (Dingguo, Beijing, China) following the 
manufacturer’s protocol. We amplified the cytochrome c 
oxidase subunit | (CON barcode region using the primer pairs 
LCO1490/HCO2198 (Folmer et al., 1994). PCR reaction 
conditions were: initial denaturation at 94 °C for 1 min; 35 
cycles of denaturation at 94 °C for 1 min, annealing at 45 °C 
for 45 s, and elongation at 70 °C for 60 s; and a final 
extension at 72 °C for 5 min. The 25 uL PCR reactions 
included 17.25 uL of double-distilled H2O, 2.5 uL of 10x Taq 
buffer (mixed with MgCl»; TianGen Biotech, Beijing, China), 2.0 uL 
of dNTP Mix (2.5 mmol/L), 1 uL of each forward and reverse 10 
Hmol/L primer, 1 uL of DNA template, and 0.25 uL Tag DNA 
polymerase (2.5 U/uL; TianGen Biotech, Beijing, China). 
Double-stranded PCR products were visualized by agarose gel 
electrophoresis (1% agarose). PCR products were purified and 
sequenced by Sunny Biotechnology Co., Ltd (Shanghai, China) 
using the ABI 3730XL DNA analyser. Sequences were aligned 
using ClustalW in Mega 6.0 (Tamura et al., 2013), with visual 
inspection, translation, and manual adjustment to minimize 
alignment error. The most appropriate phylogenetic model for 
the sequence alignment was selected using jModelTest2 
(Darriba et al., 2012) under the Akaike Information Criterion 
(Posada & Crandall, 1998). 


Phylogenetic analyses 

Phylogenetic analyses were performed using maximum likelihood 
(ML) in RAXML v. 7.0.3 with the GTRCAT model (Stamatakis, 
2006). One hundred replicate ML inferences were performed 
in the search for an optimal ML tree, each initiated with a 


Qinghai-Tibetan SA 
Plateau E 
China 
. 113 e. kei e 
e CI 
: Sma LA z 
"e* e o e 
too. A ¥ a 
.. e." ze 
e ~ . . 9 
= . 
RAC X 
KLON 
VER 0 600 kilometers 
N60* 
Europe 
E Asia 
N40? 
Africa N20? 
E20? E40? E60? E80? E100? E120? 


>=z 


Greece 
% Turkey 
Ŝi 


s 


% 
$ 
o 


0 300 kilometers 
——————= 


Figure 1 Area of endemic of Leptonetela 


random starting tree and employing the default rapid hill- 
climbing algorithm. Clade confidence was assessed with a 
rapid bootstrap of 1 000 replicates. 


Species delineation 
We analyzed the COl barcode dataset (see Supplementary Table 
S1) using two species delineation methods. DNA barcoding gap 


analyses require an a priori species designation. Therefore, we 
divided the 624 Leptonetela individuals of 122 populations (caves) 
into 90 putative species based on morphological characters and 
geographic information. In our DNA barcoding gap analysis, we 
examined the overlap between the mean intraspecific and 
interspecific Kimura 2-parameter (K2P) (Kimura, 1980) and 
uncorrected p-distance (Nei 4 Kumar, 2000) for each candidate 
species, as calculated by Mega v. 6.0 (Tamura et al., 2013). 

The automatic barcode gap discovery procedure (ABGD) 
(Puillandre et al., 2012), which does not require assigning 
samples to putative species, calculates all pairwise distances in 
the dataset, evaluates intraspecific divergences, and then sorts 
the samples into candidate species using the calculated 
distances. We performed ABGD analyses online (http://wwwabi. 
snv.jussieu.fr/public/abgd/), using three different distance 
metrics: Jukes-Cantor (JC69) (Jukes & Cantor, 1969), Kimura 
2-parameter (K2P) (Kimura, 1980), and simple distance (p- 
distance) (Nei 4 Kumar, 2000). We analyzed the data using two 
different values for the parameters Pmin (0.0001 and 0.001), 
Pmax (0.1 and 0.2), and relative gap width (X=1 or 1.5), with all 
other parameters at default values. 


Taxonomy 

The terminology and the measurements in this paper generally 
follow Wang & Li (2011) and Ledford et al. (2011). All 
measurements were taken in millimetres (mm). The left palpi of 
male spiders are illustrated, except where otherwise indicated. 
Abbreviations used in text include: PL: prolateral lobe; E: 
embolus; C: conductor; MA: median apophysis; At: atrium; SS: 
spermathecae stalk; SH: spermathecae. 


Nomenclatural acts 

This article conforms to the requirements of the amended 
International Code of Zoological Nomenclature. All nomenclatural 
acts contained within this published work have been registered 
in ZooBank. The ZooBank LSIDs (Life Science Identifiers) can 
be resolved and the associated information viewed by appending 
the LSID to the prefix “http//zoobank.org/”. The LSID for this 
publication is: — urn:lsid:zoobank.org:pub:7ECB1BDC-8893- 
4DOF-8BEA-17ECE327FC47 


RESULTS 


In total, 624 DNA barcodes were analyzed. A full list of the 
analyzed specimens can be found in Supplementary Table S1. 
Fragment lengths of the analyzed DNA barcodes ranged from 
107 (0.005%) to 617 bp (89%). For all populations, except L. 
kanellisi and L. robustispina, four or more DNA barcodes were 
generated. All nucleotides were translated into functional 
protein sequences in the correct reading frame, with no stop 
codons or indels observed. Similar to other arthropod studies, 
our data indicated a high AT-content for this mitochondrial gene 
fragment: the mean sequence compositions were A=20.5%, 
C=12.6%, G=24.4%, T=41.4%. 


Phylogenetic inference 

The ML gene tree topology suggests that Leptonetela is 
monophyletic, with the node highly supported (Figure 2; bootstrap 
value, BS=92). Our analyses revealed all Leptonetela species 
formed non-overlapping clusters, with bootstrap support 
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Figure 2 Maximum likelihood CO/ gene tree for 624 terminals of Leptonetela, with the results of two different species delimitation approaches 
Numbers at nodes show bootstrap support (574). Species names and locality group terminals according to consensus results of species delimitation 
approaches. 
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Figure 2 Continued 


values of 100. In contrast, relationships among putative 
species were largely unresolved, usually with low bootstrap 
support on the ML gene tree, particularly at deeper 
phylogenetic levels. 


Species delineation 

DNA barcoding gap analysis: Based on our a priori species 
hypotheses, Interaspecific divergences ranged from zero to 
5.3/5.0% (K2P/uncorrected p-distance) whereas interspecific 
distances were between 3.1/3% and 31.9/25% (K2P/uncorrected p- 
distance). Maximum intraspecific distances >3% were found for 
two species, including L. reticulopecta (4.3/4.0%), and L. 
pentakis Lin 8 Li, 2010 (5.3/5%). The lowest interspecific 
distance were revealed for the two species pairs L.changtu 
Wang 8 Li sp. nov. with L. chuan Wang 8 Li sp. nov. and L. 
kangsa Wang 8 Li sp. nov. with L. shibingensis Guo, Yu & 
Chen, 2016 with a value of 3.1/3%. Minimum interspecific 
pairwise distances «596, and >3% were found for two species 
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pairs: L. shibingensis with L. shanji Wang & Li sp. nov. and L. 
dao Wang & Li sp. nov. with L. xiaoyan Wang & Li sp. nov. The 
mean interspecific distance between the 90 tentative species 
was 17.9/15.6% (K2P/uncorrected p-distance), and the mean 
intraspecific distance within each species was 0.2% (both K2P 
and uncorrected p-distance) in Leptonetela. A histogram of the 
gap and overlap between intra- and interspecies genetic 
distances are show in Figure 3. 


ABGD analysis 

The ABGD analyses of the CO/ dataset, using the originally 
specified parameter combinations and partitions resulted mostly 
in 90 distinct species that correspond to the 90 species observed in 
the previous taxonomic hypotheses based on morphology. The 
result was the same regardless of the model of evolution 
employed (Jukes-Cantor (JC), K2P, Simple Distance). The 
settings Pmin/Pmax=0.0001/0.2 yielded the most significant P 
values. However, at lower values of prior intraspecific distance 
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Figure 3 DNA barcoding for Leptonetela 


Histograms show division of intraspecific (grey) and interspecific (black) CO/ sequence variation based on Kimira two-parameter (K2P, A) and 


uncorrected p-distance (B). 


(P), recursive partitioning of ABGD recognized more species 
(Table 1) when Pmin/Pmax=0.0001/ 0.2, P values=0.159, JC 
and K2P distance resulted in 98 species, and simple distance 
resulted in 95 species. 


DISCUSSION 


DNA barcoding is widely recognized as a useful tool for species 
identification across the animal kingdom (Chesters et al., 2012; 
Wang et al., 2011). Our research represents an important step 
towards the application of DNA barcodes for identification of 
Leptonetela taxa, and for 119 taxa (97%), our data represent 


the first published DNA barcodes. 

Classically, geographic isolation is considered a primary feature 
of troglobitic taxa (Hedin, 1997; Hedin & Thomas, 2010). Our DNA 
barcoding result is consistent with this view and similar to other 
DNA barcoding studies, in which CO/ showed high genetic 
structure between populations within species (Tavares et al., 2001). 

Choosing appropriate thresholds that can delimit species is 
one of the main challenges and concerns for DNA barcoding 
research (Ferguson, 2002). Our DNA barcoding gap analysis 
shows an overlap in the range of intra- and interspecific CO/ 
sequence divergence. The interspecific genetic divergences 
between L. chuan Wang & Li sp. nov. and L. changtu Wang & Li 
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Table 1 Results of the automatic barcode gap discovery (ABGD) analyses 


Prior intraspecific divergence (P) 











Substitution mode Pmin/Pmax X Partition 0.001 0.0017 0.0028 0.0046 0.0077 0.0129 0.0215 0.0359 
JC 0.001/0.1 1.5 Initia 90 90 90 90 90 90 90 90 
Recursive 171 136 136 106 106 99 92 90 
K2P 0.001/0.1 1.5 Initia 90 90 90 90 90 90 90 90 
Recursive 171 136 136 106 106 99 92 90 
Simple 0.001/0.1 1.5 Initia 90 90 90 90 90 90 90 90 
Recursive 105 105 105 97 96 95 92 90 
JC 0.001/0.1 1 Initia 90 90 90 90 90 90 90 90 
Recursive 169 132 132 106 106 99 92 90 
K2P 0.001/0.1 1 Initia 90 90 90 90 90 90 90 90 
Recursive 172 137 137 106 106 99 92 90 
Simple 0.001/0.1 1 Initia 90 90 90 90 90 90 90 90 
Recursive 105 105 105 97 96 95 92 90 
0.0001 0.0002 0.0005 0.0013 0.0029 0.0068 0.0159 0.0369 
JC 0.0001/0.2 1.5 Initial 90 90 90 90 90 90 90 90 
Recursive 171 171 171 171 136 106 98 90 
K2P 0.0001/0.2 15 Initial 90 90 90 90 90 90 90 90 
Recursive 171 171 171 171 136 106 98 90 
Simple 0.0001/0.2 1.5 Initial 90 90 90 90 90 90 90 90 
Recursive 105 105 105 105 105 96 95 90 


sp. nov., L. kangsa Wang 8 Li sp. nov. and L. shibingensis, as 
well as between L. shibingensis and L. shanji Wang 8 Li sp. nov. 
was 3.1/3.0% based on K2P/uncorrected and p-distance 
models. Compared with other species L. chuan Wang 8 Li sp. 
nov., and L. changtu Wang 8 Li sp. nov., L. kangsa Wang 8 Li 
sp. nov., L. shibingensis and L. shanji Wang & Li sp. nov. are 
more closely distributed. In morphology, L. chuan Wang 8 Li sp. 
nov. and L. changtu Wang & Li sp. nov. can be distinguished 
by the shape of the median apophysis and the conductor 
(median apophysis palm-shaped, edge with sclerotized spots, 
conductor semicircular in L. changtu Wang & Li sp. nov., 
median apophysis rectangular, with 5 larger teeth distally, 
conductor triangular in ventral view in L. chuan Wang 8 Li sp. 
nov.); L. kangsa Wang & Li sp. nov., L. shibingensis and L. 
shanji Wang & Li sp. nov. can be distinguished by the location 
and pattern of male pedipalpal tibial spines (l spine located at 
the middle in L. shibingensis and L. shanji Wang & Li sp. nov.; | 
spine asymmetrically bifurcated in L. shanji Wang & Li sp. nov., 
male pedipalpal tibia | spine located at base and not bifurcated 
in L. kangsa Wang & Li sp. nov.). Nevertheless, we found two 
species with maximum pairwise distance 5396, including L. 
reticulopecta (specimens from Tianshegnqiao Cave are clearly 
distant from the rest) with 4.3/4.096, L. pentakis (specimens 
from Liaoya cave is clearly distant from the rest) with 5.3/5.0%. 
Then we achieved a threshold of 3.11/3.096 (K2P/uncorrected 
and p-distance), excluding taxa from Tianshegnqiao Cave and 
Liaoya Cave. This threshold was interestingly close to the 3% 
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commonly used in barcoding literature (Hebert et al., 2003a, b). 

Here, we were highly successful using ABGD for identification. 
In ABGD analysis, the taxa from Tianshegnqiao Cave and 
Liaoya Cave were identified as L. reticulopecta and L. pentakis, 
respectivelly. Given that all specimens of L. reticulopecta and L. 
pentakis are morphologically very similar, we are currently 
unable to ascertain if the observed genetic distances simply 
represent a high level of intraspecific variation or reflect cryptic 
species between the taxa of L. reticulopecta and L. pentakis. To 
answer this question, more specimens need to be collected and 
analyzed, using both morphological characters and nuclear 
sequence data. 

In conclusion, our study demonstrates the power of an 
integrative approach, in which both classical and DNA 
barcoding taxonomy complements each other and both 
contribute to a more accurate taxonomic classification. 


Taxonomy 


Key to species of Leptonetela 
(Mostly referring to characters of the male pedipalp) 
1 Spermathecae thin and loosely twisted 


= Not as above ET ta 2 
2 Male pedipalp with median apophysis — zas nala! 3 
— Male pedipalp without median apophysis--.....-....-............... 9 
3 Median apophysis like pine needles, sclerotized ---------------- 4 


14 


15 


16 


17 


18 


19 


20 


Not as Above. 33 
Median apophysis appears as 4 pine needle-like appendages 


RP TINI 5 
Median apophysis divided into more or less than 4 pine 
needle-shaped appendages EE 6 


Tibia | spine strong, conspicuous, with bifurcated tip------------ 
EET ao L. chakou sp.nov. 
Tibia | spine strong, located at the middle of tibia prolaterally --- 
METRE IEEE L. grandispina Lin & Li, 2010 
Cymbium roughly double the length of bulb--:--:--:----------..... 7 
Cymbium roughly the same length as bulb -sssr 8 
Median apophysis divided into 15 pine needle-like 
appendages 9 L. liuzhai Wang & Li sp. nov. 
Median apophysis divided into 2 pine needle-like 
appendages --........................ L. shuilian Wang 8 Li sp. nov. 
Cymbium constricted medially, median apophysis divided 
into 5 pine needle-like appendages...................................... 
O TT L. pentakis Lin & Li, 2010 
Cymbium not constricted medially, median apophysis divided 
into 2 pine needle-like appendages.................................... 
OTTO OOO OO TOOTE L. dao Wang & Li sp. nov. 
Male pedipalp with 5 tibial spines prolaterally ---------=--------- 10 
Male pedipalp with more than 5 tibial spines prolaterally---- 29 
Cymbium constricted and wrinkled medially --------------------- 

Cymbium not constricted or wrinkled medially ------------------ 

Tibial spines slender and without bifurcated tip ... 
Tibial spines strong or with bifurcated tip eee... 
Prolateral lobe tongue-shaped Nan GANG 





Prolateral lobe absent ----------- L. sanyan Wang 8 Li sp. nov. 
Pedipalpal tibia with one spine significantly longer than other 
spines AIN AA AA AN 14 


Pedipalp tibia |, II spines nearly the same length ----:------------- 
AA DO A oS L. meitan Lin & Li, 2010 
Conductor bamboo leaf-shaped in ventral view... 15 
Conductor C-shaped in ventral view. 
lm L. liangfeng Wang & Li sp. nov. 
Embolus and conductor long, intersecting s 
PES DO PO AA AA L. suae Lin € Li, 2010 
Embolus and conductor short, not intersecting eeen 
ARTE ALA L. tongzi Lin & Li, 2010 
Pedipalpal tibia | spine with bifurcated tip--:--=-------=--=------.. 17 
Pedipalpal tibia | spine without bifurcated tip -=== 19 
Pedipalpal tibia | spine strong, asymmetrically bifurcate----- 18 
Pedipalpal tibia | spine slender, symmetrically bifurcate------- 
aVuuavaedosdonuzus cok dated ERE TO L. danxia Lin & Li, 2010 
Pedipalpal tibia | spine located proximally at tibia, thin 
spines II, V and VI arranged in a triangle, conductor bamboo 
leaf-shaped in ventral view--------- L. andreevi Deltshev, 1985 
Pedipalpal tibia | spine located at distal 1/3 of tibia, 
conductor C shaped in ventral view... 

A TOU ET L. furcaspina Lin & Li, 2010 
Pedipalpal tibia | spine longest Manna 20 
Pedipalpal tibia Il spine longest AA REAR INA AREVA 21 
Pedipalpal tibia | spine bent distally, conductor reduced ------ 
AA AA itana L. langdong Wang 8 Li sp. nov. 
Pedipalpal tibia | spine not bent distally, conductor semicircular 
in ventral view «HH L. yaoi Wang & Li, 2011 


21 


22 


23 


24 


25 


29 


30 


31 


32 


33 


34 


35 


Eyes absent, pedipalpal tibia Ill, V and VI spines more 
slender than 1, Il spines----........... L. lineata Wang 8 Li, 2011 

Six eyes, pedipalpal tibial spines equally strong eee.. 
mana TO OO NOTO L. caucasica Dunin, 1990 





Conductor developed PTT MOTETO ETIOPIO 23 
Conductor reduced... mmm Án 26 
Pedipalpal tibia | spine without bifurcated tip «eee. 24 


Pedipalpal tibia | spine with bifurcated tip, other spines 
concentrated distally, tip of conductor bifurcated «= 
— —^——————— L. anshun Lin & Li, 2010 
Conductor bamboo leaf-shaped in ventral view. 25 
Conductor C-shaped in ventral view, pedipalpal tibia | spine 
longest. mmn L. dashui Wang & Li sp. nov. 
Pedipalpal tibia | spine strong, prolateral bulbal lobe reduced 
"MEET L. qiangdao Wang 8 Li sp. nov. 
Pedipalpal tibia | spine slender, prolateral bulbal lobe 
tongue-shaped---------- L. nuda (Chen, Jia & Wang, 2010) 
Cymbium with a distal and proximal spine prolaterally, 
pedipalpal tibial spines equidistant AA AA 
NA ATA L. curvispinosa Lin & Li, 2010 
Not as above:---==--errestesneetnnnaenananenhnnntannnernnnrennnans 27 
Pedipalpal tibia | spine slender, asymmetrically bifurcated 


Not as above:--=----reerestesneetennaenannnennnantannnetnnntennnana 28 
Pedipalpal tibia I, Il, and Ill spines concentrated in the mid 
of tibia, 2 additional spines located distally, prolateral bulbal 
lobe reduced aaa. L. maxillacostata Lin & Li, 2010 
Pedipalpal tibia | spine longest, located far from others, 
prolateral lobe small, tongue shaped MILII OH TT 
(———— Hà L. chenjia Wang & Li sp. nov. 
Male pedipalp with 6 tibial spines retrolaterally ----------------- 30 
Male pedipalp with 7 tibial spines retrolaterally ----------------- 32 
Pedipalpal tibia |, Il spines strong, equally length, Il spine 
asymmetrically bifurcated, conductor reduced: 
TTT PAPA PATE L. gang Wang 8 Li sp. nov. 
Pedipalpal tibial spines slender, not bifurcated, conductor 
developed aa 31 
Pedipalpal tibia with 2 large spines prolaterally, cymbium 
not constricted medially, earlobe-shaped process absent, 
and cymbium long, twice the length of bulb 11.7.2... 
í—————————Y L. gigachela (Lin & Li, 2010) 
Pedipalpal tibia without prolateral spines, cymbium constricted 
medially, retrolaterally attaching an earlobe-shaped process, 
cymbium less than twice the length of bulb... 
E m L. wenzhu Wang &Li sp. nov. 
Cymbium with 1 horn-shaped spine on the earlobe-shaped 
process, conductor thin, triangular in ventral view -------------- 
NANA AA L. rudong Wang & Li sp. nov. 
Earlobe-shaped process of cymbium without spine, conductor 
broad, C shaped in ventral view ---- L. la Wang 8 Li sp. nov. 
Median apophysis like a pointed process or lamelliform -- 34 


Median apophysis finger-shaped or harrow-like --------------- 50 
Cymbium not constricted medially, earlobe-shaped process 
reduced e I nnne 35 
Cymbium constricted medially, earlobe-shaped process 
developed pc 38 
Male pedipalpal tibia with 6 spines retrolaterally --------------- 36 
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36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


Male pedipalpal tibia only with 5 spines retrolaterally ------- 37 
Pedipalpal tibia with 4 long spines prolaterally, the retrolateral l 
spine longest, II IIl spines short and strong, median apophysis 
pointed, conductor bamboo leaf-shaped 11.11... 
———-»———————— L. bamaLin 8 Li, 2010 
Pedipalpal tibia with 3 long spines prolaterally, the retrolateral l 
spine longest and strongest, median apophysis “M”-shaped, 
conductor reduced «9 L. yangi Lin & Li, 2010 
Pedipalpal tibia with 1 long spine prolaterally, the retrolateral 
| spine longest and strongest, median apophysis pointed, 
conductor bamboo leaf-shaped-------- L. liping Lin & Li, 2010 
Pedipalpal tibia with 3 long spines prolaterally, the retrolateral 
Spine | slender, and longest, median apophysis obtuse 
triangle shaped, conductor narrow, triangular 1177... 
mE L. mayang Wang & Li sp. nov. 
Cymbium with 1 strong spine on the earlobe-shaped process 
No spine on the earlobe-shaped process 
Male pedipalp tibia with 5 spines retrolaterally ----------------- 40 
Male pedipalp tibia with more than 5 spines retrolaterally ---41 
Cymbium with 1 curved spine retrolaterally, median apophysis 
pointed, with 3 sclerotized apices distally, conductor C 
shaped ROUES TO TA L. jiahe Wang & Li sp. nov. 
Cymbium without curved spine retrolaterally, median 
apophysis punctate in ventral view, conductor vestigial ------- 
OO EN TET L. panbao Wang 8 Li sp. nov. 
Pedipalpal tibia | spine strong, ll spine asymmetrically 
bifurcated, median apophysis lamelliform, conductor triangular 
—O———— —————— Áo L. jiulong Lin & Li, 2010 
Pedipalpal tibia | spine slender, not bifurcated ------------------ 42 
Pedipalpal tibia with 3 long spines prolaterally, 6 spines 
retrolaterally, median apophysis semicircular eee- 
GA RA A TEAT L. parlonga Wang 8 Li, 2011 
Pedipalpal tibia with 5 long spines prolaterally, 7 spines 
retrolaterally, median apophysis mita-shaped, embolus with 





1 tooth distally eere L. mita Wang 8 Li, 2011 
Pedipalpal tibia with 5 spines retrolaterally -----------------------. 44 
Pedipalpal tibia with more than 5 spines retrolaterally ------49 
Pedipalpal tibia with 3 long spines prolaterally --:-------------- 45 
Pedipalpal tibia with 1 or 2 long spines prolaterally----------- 47 
Conductor C shaped in ventral view ------- m 46 


Conductor bamboo leaf-shaped in ventral view, retrolateral 
spine | longest, median apophysis triangular seeen 
————— L. xianren Wang & Li sp. nov. 
Pedipalpal tibia | spine longest, the rest concentrated at 
distal end of tibia, median apophysis spatula-shaped in 
ventral view --: mH L. rudicula Wang & Li, 2011 
Pedipalpal tibia | spine longest, |, Il, and Ill spines equally 
strong, median apophysis single quote shaped, " ' " in 
ventral view «HMM L. longli Wang & Li sp. nov. 
Pedipalpal tibia with 1 long spine prolaterally, median 
apophysis tongue-shaped, conductor triangular «--.**.**......... 
GERONA AN S The x GANAN L. pungitia Wang 8 Li, 2011 
Pedipalpal tibia with 2 long spines prolaterally ------------------ 48 
Pedipalpal tibia | spine strongest, Ill-V spines in a triangular 
arrangement, median apophysis punctate, conductor 
triangular--- M L. chiosensis Wang & Li, 2011 
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49 


56 


57 


58 


59 


60 


61 


62 


63 


Pedipalpal tibia | spine longest, spine I-III equally strong, 
IV-V situated distally median apophysis “m”-shaped, 
conductor triangular --*-...........- L. feilong Wang & Li sp. nov. 
Pedipalpal tibia with 6 spines retrolaterally, tibia | spine 
close to others, median apophysis flake-like, sclerotized 
distally, conductor broad, undulate distally 11.7.7... 
A A L. tiankeng Wang 8 Li sp. nov. 
Pedipalpal tibia with 7 spines retrolaterally, tibia | spine 
distant from others, median apophysis small worm-shaped, 
conductor thin, triangular.........................e ees eeeeeeeeeeeeees 
pp eateries L. lophacantha (Chen, Jia & Wang, 2010) 


Median apophysis index finger like --..--..-.-........................ 51 
Median apophysis harrow-like 11171... 72 
Embolus bifurcated ---------------- L. xinhua Wang & Li sp. nov. 
Embolus not bifurcated 111117777:7:77.7:.7....a aa 52 
Base of median apophysis swollen--.-.--..- ee 53 
Base of median apophysis not swollen---.--..-.--.-. 56 
Male pedipalpal tibia with 5 spines retrolaterally --------------- 54 


Male pedipalpal tibia with 6 slender spines retrolaterally, 
spine | longest, conductor smooth, semicircular «e... 
no Sea area L. quinquespinata (Chen & Zhu, 2008) 


Pedipalpal tibia | spine much stronger than Il, asymmetrically 
bifUrCated 1.1.7.7... L. jinsha Lin & Li, 2010 
Pedipalpal tibia | spine similarly strong as Il, not bifurcated 
E dates 55 


Cymbium constricted medially, earlobe-shaped process 
with 2 long, curved spines retrolaterally, base of median 
apophysis distinctly swollen, conductor smooth, broad, 
semicircular mm L. gubin Wang & Li sp. nov. 
Cymbium not constricted medially, earlobe-shaped process 
small, base of median apophysis slightly swollen, conductor 
rugose, thin, triangular === L. lujia Wang & Li sp. nov. 
Median apophysis bifurcated distally 1.7... 
EEA AA L. wuming Wang & Li sp. nov. 


Median apophysis not bifurcated distally ---=--=--=--=--«-«--=--.-- 57 
Pedipalpal tibia | spine located at the base of tibia ----------- 58 
Pedipalpal tibia | spine located medially -------*-+*-+*=============. 59 


Pedipalpal tibia | spine asymmetrically bifurcated, tibia with 
4 long spines prolaterally PTT TO FATTO TTT P RU TOTO 
RLI L. shibingensis Guo, Yu & Chen, 2016 
Pedipalpal tibia | spine not bifurcated 117.7.7.7... 
ET TA L. kangsa Wang 8 Li sp. nov. 


Male pedipalp tibia with 6 spines retrolaterally -------.-.......-- 60 
Male pedipalp tibia with 5 spines retrolaterally ------------------ 62 
Pedipalpal tibia with 4 spines prolaterally, cymbium with 1 


curved spine at the base of retrolateral surface, median 
apophysis weakly sclerotized 1111111... 


Not as above 1.1... aaa 61 
Male pedipalp tibia with 2 spines prolaterally, conductor 
short, broad and rugose +=- L. oktocantha Lin 8 Li, 2010 
Male Pedipalp tibia without spine prolaterally, conductor 
smooth, semicircular e= L. hexacantha Lin 8 Li, 2010 
Median apophysis curved distally FO TOE OO OS IEEE 63 
Median apophysis not curved distally ---------..-.-.«+.+==.========- 65 
Cymbium with 1 horn-shaped spine on the earlobe-shaped 
process retrolaterally, tibia spines gradually shorted, 


64 


65 


66 


67 


68 


69 


70 


71 


72 


73 


74 


75 


conductor smooth, C shaped mmm 
NU e E E CUT L. mengzongensis Wang 8 Li, 2011 
Cymbium without spine on the earlobe-shaped process 
retrolaterally ai 64 
Male pedipalp tibia with 2 long setae prolaterally, tibia | Il 
and Ill spines equally in length, conductor broad, semicircular 
"m T L. hamata Lin & Li, 2010 
Male pedipalp tibia with 4 long spines prolaterally, tibia | Il 
spines equally in length, conductor long, curved distally ------ 
ra asas dea Di Ga e L. tetracantha Lin & Li, 2010 


Pedipalpal tibia | Spur strong EAN EE TT PANE CE IEEE SIE EDO 66 
Pedipalpal tibia | Spine slender «eere rrr irmano nkra ko pl 70 
Pedipalpal tibia | spine asymmetrically bifurcated ------------ 67 


Pedipalpal tibia | spine not bifurcated, conductor broad, C 
shaped, median apophysis distinctly sclerotized «+... 


Median apophysis tapering DER 68 
Median apophysis blunt «nnn 69 
Pedipalpal tibia | spine located at the middle of tibia ----------- 
POPE EAT EEE can Fassa ew Teu ese caa Eee ORE L. shanji Wang &Li sp. nov. 
Pedipalpal tibia | spine located at the basal of tibia ------------- 
SNuskasenusuavuebvcibuSssgouquvesquserTassc URS V NGA Ya L. digitata Lin & Li, 2010 
Pedipalpal tibia II-V spines slender flexible, | and Il spines 
equally length, conductor shorter than median apophysis --- 
T L. tianxinensis (Tong & Li, 2008) 
Pedipalpal tibia Il spine slender, Ill spine strong, conductor 
longer than median apophysis mmm m 
AT ARA AA L. nanmu Wang & Li Sp. nov. 
Pedipalpal tibia | spine located at the base of tibia, other 
spines concentrated distally on tibia, conductor smooth, 
semicircular «mm L. huoyan Wang & Li sp. nov. 
Not as above---:« hme 71 
Pedipalpal tibia | Il spines adjacent, the rest short, 
concentrated distally, outermost plumose, tibia with 2 
spines prolaterally, conductor bifurcate ------- 
————MÁ——HMÁ L. geminispina Lin & Li, 2010 
Pedipalpal tibia I-IV spines spaced at regular intervals, IV 
and V adjacent, tibia I-III equal in length, conductor short, C 


shaped 9 L. tianxingensis Wang & Li, 2011 
Median apophysis harrow-like, horrow pin reduced to 
sclerotized spots E TTE CEDE OO TOTO 73 


Median apophysis harrow-like, horrow pin not reduced --- 75 
Pedipalpal tibial spines slender, equally strong, median 
apophysis long, half the length of bulb 11.7.7... 
E sevo AA L. liuguan Wang & Li sp. nov. 
Pedipalpal tibial spines not equally strong, median 
apophysis short, 1/5 the length of bulb. 74 
Pedipalpal tibia I, Il spines equally strong, stronger than 
other spines, III-V in triangular arrangement, cymbium 
constricted medially, with one curved spine at the base of 
constriction retrolaterally -++ L. penevi Wang & Li, 2016 
Pedipalpal tibia | II III spines equally strong, stronger than 
other spines, III-V not triangular arrangement, cymbium not 


constricted medially -------------- L. changtu Wang & Li sp. nov. 
Median apophysisi harrow-like, the horrow pin not constant 
in size Silvina tied ona e ETE ESTEE ELI LE CE DEI E CE E CIE 76 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


Median apophysisi harrow-like, the horrow pin constant in 


Pedipalpal tibia | spine not bifurcated --------- 77 
Pedipalpal tibia | spine strong, asymmetrically bifurcated, 
other 4 spines slender, median apophysis with 5 small 
teeth and 1 large, horn-shaped tooth «mm 
TO OE TTT L. lianhua Wang & Li sp. nov. 
Pedipalpal tibia | spine longest SUNU dan vech ves oko nuu ko kta suno, E E 78 
Pedipalpal tibia Il spine longest T—————— iobiaasiad 79 
Median apophysis palmate, with six teeth distally --..-.---------- 
EN L. megaloda (Chen, Jia & Wang, 2010) 
Median apophysis antler-like, with 4 small teeth and 1 large 
tooth, which bears 2 small teeth Em FOTO OOO FLOTO 
A EEI AENA AEAEE EREA SEE DAN Sa PAS L. niubizi Wang & Li sp. nov. 
Two large teeth on the periphery of median apophysis, 2 
small teeth in the middle 1171:7:7:7:77:7:7:7:7.7.7.7.7.....Aa 
penanta L. hangzhouensis (Chen, Shen 8 Gao, 1984) 
Two large teeth on the periphery of median apophysis, 5 
small teeth in the middle -- L. microdonta (Xu & Song, 1983) 
Median apophysis short and broad aaa aan 
Median apophysis long and thin ---------- 
Pedipalpal tibia | spine strongest --------- 
Pedipalpal tibia | spine not strongest 
Pedipalpal tibia |, Il spines equally strong, stronger than 
other 3 spines, median apophysis with 6 small teeth apically 
TN NOR HIE L. identica (Chen, Jia & Wang, 2010) 
Pedipalpal tibia II, III spines equally strong, spine Il longest, 
median apophysis with 5 sharp teeth apically... 
PT PO OOO L. meiwang sp.nov. 
Pedipalpal tibia | spine bifurcated 1111... 84 
Pedipalpal tibia | spine not bifurcated --:--:-------------=.-..-«...... 89 
Distal edge of median apophysis with 6 teeth =-=- 85 
Distal edge of median apophysis with 5 or 10 teeth --------- 86 
Teeth of median apophysis needle-shaped, earlobe-shaped 
process of cymbium absent; in the female, anterior margin 
of atrium with one pointed process medially ---------=--:--:----..... 
AA AA L. zakou Wang 8 Li sp. nov. 
Teeth of median apophysis normal, cymbium with earlobe- 
shaped process, female anterior margin of atrium without 
pointed process -.--.-.............. L. sexdentata Wang 8 Li, 2011 
Distal edge of median apophysis with 5 teeth, conductor C 
shaped, tip of conductor undulate in the female, anterior 
margin of atrium with one pointed process medially 
SKO adia S b dad the NAAN BAS AA L. longyu Wang 8 Li sp. nov. 
Distal edge of median apophysis with 10 teeth, conductor 
C shaped, distal edge of conductor smooth, in the female, 
anterior margin of atrium without pointed process»: 
NAA L. shicheng Wang & Li Sp. nov. 
Pedipalpal tibia II spine tapering «mm 88 
Pedipalpal tibia | spine blunt --- L. flabellaris Wang & Li, 2011 









Distal edge of median apophysis with 5 teeth, conductor 
short, C shaped 11am L. palmata Lin 8 Li, 2010 
Distal edge of median apophysis with 7 teeth, conductor 
long, triangular shaped ETO TOPO bra Pata manna EOS 
ul E L. kanellisi (Deeleman-Reinhold, 1971) 


Zoological Research 38(6): 321—448, 2017 331 


89 Pedipalpal tibia with clusters of short spines dorsally ---*--- 90 
—  Pedipalpal tibia without clusters of short spines dorsally ...... 


90 Distal edge of median apophysis linear, with 8 teeth ------------ 
E DE IS OPON PETIT L. encun Wang & Li sp. nov. 
—  Distal edge of median apophysis semicircular, with 12 teeth 
Ak ESSER EAE ED L. robustispina (Chen, Jia & Wang, 2010) 


91 Base of pedipalpal tibia swollen ----.- n 92 
— Base of pedipalpal tibia not swollen... 96 
92 Pedipalpal tibia | spine bifurcate------ 93 


—  Pedipalpal tibia | spine trifurcate............................................l 
aĥtdossksekbesxsaĝisktuŭĝo lasaŭkenteatio ikukakssamxkotro L. notabilis (Lin & Li, 2010) 
93 Conductor triangular, longer than median apophysis, median 


apophysis with 7 teeth 7.7... 94 
— Conductor C shaped, shorter than median apophysis, 
median apophysis with 6 teeth 111111117... 95 


94 Spermathecae not twisted distally e AO seviusss ET Ie d TOYS 
——— PET L. shuang Wang & Li sp. nov. 
= Spermathecae twisted distally T TET EA 
OO L. sanchahe Wang 8 Li nom. nov. 
95 Spermathecae weakly twisted aaa 


96 Pedipalpal tibia | spine strongset----- ee 97 
—  Pedipalpal tibia |, Il, III spines equally strong, stronger than 

other spines AA AA O 103 
97 Pedipalpal tibia Il spine bifurcate ----=-----------=----=-=--=-:-...-..... 98 
—  Pedipalpal tibia | spine not bifurcate ------:------=----:----«-=--.-.- 101 
98 Pedipalpal tibia II-V spine slender, curved, equally strong 

TUI II 99 
—  Pedipalpal tibia II-V spine not equally strong -e= 100 


99 Distal edge of median apophysis with 6 teeth -...................... 
ETIN RE USA IJ EA Dna SE ME EE L. arvanitidisi Wang & Li, 2016 
— Distal edge of median apophysis with 5 teeth -----.*-.*-.*=.==.==.-- 
A TO a DUNS E Ead ma EAS dis L. erlong Wang & Li sp. nov. 
100 Distal edge of median apophysis with 4 teeth, tibia Il, IIl 
spines equally strong, stronger than other 2 spines... 
TA AA L. tawo Wang KA Li sp. nov. 
— Distal edge of median apophysis with 3 teeth, tibia III-V 
spines equally strong, slender than spine Il------=--:--:-:--.«-«..... 
AA OT AT L. paragamiani Wang 8 Li, 2016 
101 Pedipalpal tibia II-V spines equally strong seee. 102 
—  Pedipalpal tibia II-V spines equally strong, slender than 
spine Il, distal edge of median apophysis with 4 teeth ---------- 
aaiŝ3zeudokasa kas TON L. deltshevi (Brignoli, 1979) 
102 Distal edge of median apophysis with 5 teeth, conductor C 


shaped L. gittenbergeri Wang 8 Li, 2011 
— Distal edge of median apophysis with 6 teeth, conductor 
semicircular 11.0mm L. zhai Wang 8 Li, 2011 


103 Pedipalpal tibia | Il spines equally strong 
(—————Á————M€ L. thracia Gasparo, 2005 
—  Pedipalpal tibia II and Ill spines equally strong-------------- 104 
104 Distal edge of median apophysis with 3 teeth, tibia with 3 
large spines prolaterally ---------- L. dabian Wang 8 Li sp. nov. 
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— Distal edge of median apophysis with 6 teeth, tibia with 6 
long setae prolaterally------------- L. chuan Wang & Li sp. nov. 


Family Leptonetidae Simon, 1890 
Genus Leptonetela Kratochvíl, 1978 


Type species: Leptonetela kanellisi (Deeleman-Reinhold, 1971) 
from Greece. 


Diagnosis. The genus Leptonetela can be distinguished from 
other leptonetid genera by the following combination of male 
pedipalpal characters: femur lacking spines and tibia with a 
longitudinal row of spines on the retrolateral surface. 


Redescription. Carapace yellowish or white. Sternum shield- 
shaped. Opisthosoma gray, ovoid, covered with short hairs. 
Male pedipalpal patella with one short spine dorso-distally; tibia 
with trichobothria dorsally; cymbium with strong, thorny spine 
distally; bulb yellowish, ovoid, with two appendages inserted 
ventrally, median apophysis chitinous, conductor membranous, 
median apophysis and conductor absent in some species, 
embolus transparent, membranous. Female genital area 
covered with short hairs. Vulva with a pair of spermathecae and 
sperm ducts, spermathecae twisted and weakly sclerotized. 


Distribution. Greece, Turkey, Georgia, Azerbaijan, Vietnam 
and China. 


Leptonetela chakou Wang & Li sp. nov. 
Figures 4—5, 97 


Type material. Holotype: male (IZCAS), Chakou Cave, 
N27.93°, E106.14°, Shalang, Shibao Town, Gulin County, 
Luzhou City, Sichuan Province, China, 20 April 2014, Y. Li, H. 
Zhao & Y. Lin leg. Paratypes: 1 male and 3 females, same data 
as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. dao Wang & Li sp. 
nov., L. grandispina Lin & Li, 2010, L. liuzhai Wang & Li sp. nov., 
L. pentakis Lin & Li, 2010, and L. shuilian Wang & Li sp. nov., 
but can be distinguished by the male pedipalpal tibia with 5 
spines retrolaterally, the basal spine strong, conspicuous and 
with a bifurcate tip (Figure 4D) (6 short spines, with spine II 
largest in L. grandispina, 5 slender spines in L. dao Wang & Li 
sp. nov., L. liuzhai Wang & Li sp. nov., L. pentakis and L. 
shuilian Wang & Li sp. nov.); the median apophysis divided into 
4 pine needle like structures (Figure 4B) (median apophysis 
divided into 2 pine needlelike structures a in L. dao Wang & Li 
Sp. nov. and L. shuilian Wang & Li sp. nov., 15 pine needlelike 
structures in L. liuzhai Wang & Li sp. nov., and 5 pine needle 
like structures in L. pentakis); from L. dao Wang 8 Li sp. nov., L. 
grandispina, L. pentakis by the conductor reduced in this new 
species (Figure 4B); from L. liuzhai Wang & Li sp. nov. by the 





Figure 4 Leptonetela chakou sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor; 
MA: median apophysis. 
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Figure 5 Leptonetela chakou sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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cymbium 1.3 times longer than bulb (Figure 4C—D) (cymbium 2 
times longer than bulb in L. liuzhai Wang & Li sp. nov. and L. 
shuilian Wang & Li sp. nov.). 


Description. Male (holotype). Total length 2.25 (Figure 4A). 
Carapace 0.87 long, 0.87 wide. Opisthosoma 1.50 long, 1.00 
wide. Carapace brown. Eyes six. Median groove, cervical grooves 
and radial furrows distinct. Clypeus 0.13 high. Opisthosoma 
gray, ovoid, with pigmented stripe. Leg measurements: | 7.63 
(2.05, 0.35, 2.35, 1.75, 1.13); 115.71 (1.63, 0.30, 1.60, 1.30, 0.88); 
111 4.73 (1.25, 0.30, 1.13, 1.20, 0.85); IV 6.30 (1.75, 0.35, 1.75, 
1.45, 1.00). Male pedipalp (Figure 4C-D): tibia with 2 large 
spines prolaterally, and 5 spines retrolaterally, | spine strong, 
conspicuous, tip bifurcated. Cymbium constricted medially, 
attaching to an earlobe-shaped process. Embolus triangular, 
bearing a basal tooth. Median apophysis sclerotized, divided 
into 4 pine needle like structures. Conductor membranous, 
reduced (Figure 4B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.27 (Figure 5A-B). Carapace 0.88 long, 0.80 wide. 
Opisthosoma 1.50 long, 1.25 wide. Clypeus 0.12 high. Leg 
measurements: | 5.83 (1.50, 0.35, 1.55, 1.38, 1.05); Il 4.43 
(1.13, 0.30, 1.25, 1.00, 0.75); Ill 3.62 (1.00, 0.25, 1.00, 0.75, 
0.62); IV 4.96 (1.38, 0.35, 1.35, 1.13, 0.75). Vulva (Figure 5C): 
spermathecae coiled, atrium fusiform. 


Distribution. China (Sichuan). 


Leptonetela dao Wang & Li sp. nov. 
Figures 6--7, 97 


Type material. Holotype: male (IZCAS), Dao Cave, N27.19°, 
E105.06?, Shuanglong, Salaxi County, Bijie City, Guizhou 
Province, China, 18 November 2011, H. Chen & Z. Zha leg. 
Paratypes: 1 male and 20 females, same data as holotype: 5 
males and 7 females, Shanlangiao Cave, N26.28°, E106.04, 
Shanlangiao, Qianyangiao Town, Anshun City, Guizhou 
Province, China, 4 November 2011, H. Chen & Z. Zha leg. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. chakou Wang & Li 
sp. nov., L. grandispina Lin & Li, 2010, L. liuzhai Wang & Li sp. 
nov. L. pentakis Lin & Li, 2010, and L. shuilian Wang & Li sp. 
nov., but can be separated from L. chakou Wang & Li sp. nov., 
L. grandispina, L. liuzhai Wang & Li sp. nov. and L. pentakis by 
median apophysis divided into 2 pine needlelike (Figure 6B) 
(median apophysis divided into 4 pine needle like structures in 
L. chakou Wang & Li sp. nov. and L. grandispina, 15 pine 
needlelike structures in L. liuzhai Wang & Li sp. nov., and 5 
pine needlelike structures in L. pentakis); from L. chakou Wang 
& Li sp. nov., L. grandispina by the tibial spines slender (Figure 
6D) (the tibia | spine in L. chakou Wang & Li sp. nov. and Il 
spine in L. grandispina strong); from L. chakou Wang & Li sp. 
nov., L. pentakis by the cymbium not constricted medially 


(Figure 6C); from L. liuzhai Wang & Li sp. nov. and L. shuilian 
Wang & Li sp. nov. by the cymbium 1.2 times longer than bulb 
(Figure 6C-D) (cymbium 2 times longer than bulb in L. liuzhai 
Wang & Li sp. nov. and L. shuilian Wang 8 Li sp. nov.). 


Description. Male (holotype). Total length 2.28 (Figure 6A). 
Carapace 1.15 long, 1.03 wide. Opisthosoma 1.28 long, 0.93 
wide. Carapace brown. Eyes six, reduced to white vestiges. 
Median groove, cervical grooves and radial furrows distinct. 
Clypeus 0.15 high. Opisthosoma gray, ovoid. Leg measurements: 
| 10.36 (2.76, 0.40, 3.24, 2.40, 1.56); Il 8.72 (2.44, 0.36, 2.60, 
1.72, 1.60); 111 6.20 (2.04, 0.32, 1.52, 1.40, 0.92); IV 8.80 (2.56, 
0.40, 2.60, 2.04, 1.20). Male pedipalp (Figure 6C-D): tibia with 
5 slender spines prolaterally and 5 slender spines retrolaterally, 
with | spine longest. Cymbium not wrinkled, earlobe-shaped process 
small. Embolus triangular, prolateral lobe small, oval. Median 
apophysis sclerotized, divided into 2 pine needle like structures. 
Conductor broad, C shaped in ventral view (Figure 6B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with longer legs. Total length 
2.76 (Figure 7A-B). Carapace 1.13 long, 1.10 wide. 
Opisthosoma 1.65 long, 1.40 wide. Clypeus 0.13 high. Leg 
measurements: | 11.36 (3.00, 0.40, 3.60, 2.60, 1.76); Il 9.08 
(2.64, 0.36, 2.80, 1.88, 1.40); IIl 7.44 (2.24, 0.36, 1.96, 1.64, 
1.24); IV 9.68 (2.80, 0.40, 3.00, 2.08, 1.40). Vulva (Figure 7C): 
spermathecae coiled, atrium triangular, anterior margin of 
atrium with short hairs. 


Distribution. China (Guizhou). 


Leptonetela liuzhai Wang & Li sp. nov. 
Figures 8-9, 97 


Type material. Holotype: male (IZCAS), nameless Cave, 
N25.27°, E107.43°, Longli, Liuzhai Town, Nandan County, 
Hechi City, Guangxi Zhuang Autonomous Region, China, 29 
January 2015, Y. Li & Z. Chen leg. Paratypes: 2 males and 6 
females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. chakou Wang & Li 
sp. nov., L. dao Wang 8 Li sp. nov., L. grandispina Lin & Li, 
2010, L. pentakis Lin & Li, 2010, and L. shuilian Wang 8 Li sp. 
nov. but can be separated from L. chakou Wang & Li sp. nov., 
L. dao Wang & Li sp. nov., L. grandispina, and L. pentakis by 
the male pedipalpal cymbium double the length of bulb, median 
apophysis divided into 15 pine needle-like structures (Figure 8B) 
(cymbium not double the length of bulb in L. chakou Wang & Li 
sp. nov., L. dao Wang 8 Li sp. nov., L. grandispina, and L. 
pentakis; median apophysis with 4 pine needlelike structures in 
L. chakou Wang & Li sp. nov. and L. grandispina, 2 pine 
needlelike structures in L. dao Wang 8 Li sp. nov. and L. 
shuilian Wang & Li sp. nov., and 5 pine needlelike structures in 
L. pentakis); from L. chakou Wang & Li sp. nov., and L. 
grandispina by the tibial spines slender (Figure 8D) (| tibial 
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Figure 6 Leptonetela dao sp. nov., holotype male 
A: Habitus, dorsal view: B: Palpal bulb, ventral view, C: Palp, prolateral view, D: Palp, retrolateral view. PL: prolateral lobe, E: embolus: C: conductor, 
MA: median apophysis. 
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Figure 7 Leptonetela dao sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 8 Leptonetela liuzhai sp. nov., holotype male 
A: Habitus, dorsal view, B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe: E: embolus; C: conductor, 
MA: median apophysis. 
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Figure 9 Leptonetela liuzhai sp. nov., one of the paratype females 
A: Habitus, dorsal view, B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium, SS: spermathecae stalk, SH: spermathecae. 
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spine in L. chakou Wang & Li sp. nov. and Il spine in L. 
grandispina strong): from L. chakou Wang 8 Li sp. nov., and L. 
pentakis by the cymbium not constricted medially in this new 
species (Figure 8C-D). 


Description. Male (holotype). Total length 2.25 (Figure 8A). 
Carapace 1.00 long, 0.88 wide. Opisthosoma 1.35 long, 1.10 
wide. Carapace yellowish. Ocular area with a pair of setae, 
eyes six. Median groove needle-shaped, cervical grooves and 
radial furrows distinct. Clypeus 0.15 high. Opisthosoma gray, 
ovoid. Leg measurements: | 8.30 (2.25, 0.25, 2.35, 1.95, 1.50): 
11 6.68 (1.88, 0.25, 2.00, 1.55, 1.00); III 5.70 (1.63, 0.20, 1.62, 
1.35, 0.90): IV 7.49 (2.13, 0.25, 2.13, 1.85, 1.13). Male pedipalp 
(Figure 8C—D): tibia with 5 long spines prolaterally and 5 spines 
retrolaterally, with tibia | spine longest. Cymbium not wrinkled, 
earlobe-shaped process small, cymbium double the length of 
bulb. Embolus triangular, prolateral lobe reduced. Median 
apophysis sclerotized, divided into 15 pine needlelike structures. 
Conductor reduced (Figure 8B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.50 (Figure 9A-B). Carapace 1.50 long, 0.88 wide. 
Opisthosoma 1.13 long, 1.38 wide. Clypeus 0.13 high. Leg 
measurements: | 7.30 (2.00, 0.25, 2.25, 1.75, 1.05); Il 5.51 
(1.63, 0.20, 1.55, 1.25, 0.88); Ill 4.76 (1.38, 0.25, 1.25, 1.13, 
0.75); IV 6.50 (1.87, 0.25, 1.88, 1.50, 1.00). Vulva (Figure 9C): 
spermathecae coiled, atrium fusiform. 


Distribution. China (Guangxi). 


Leptonetela shuilian Wang & Li sp. nov. 
Figures 10—11, 97 


Type material. Holotype: male (IZCAS), Shuilian Cave, 
N24.43°, E106.97°, Pingle, Fengshan County, Hechi City, 
Guangxi Zhuang Autonomous Region, China, 22 March 2015, Y. 
Li & Z. Chen leg. Paratypes: 6 males and 4 females, same 
data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. chakou Wang & Li 
Sp. nov., L. dao Wang 8 Li sp. nov., L. grandispina Lin & Li, 


2010, L. pentakis Lin & Li, 2010, and L. liuzhai Wang & Li sp. 


nov. but can be separated from L. chakou Wang & Li sp. 
nov., L. dao Wang 8 Li sp. nov., L. grandispina Lin 8 Li, 
2010, L. pentakis Lin & Li, 2010 by the male pedipalpal 
cymbium double the length of bulb; from L. chakou Wang & 
Li sp. nov., L. grandispina, L. liuzhai Wang 8 Li sp. nov. and 
L. pentakis by the median apophysis divided into 2 pine 
needlelike structures in L. chakou Wang 8 Li sp. nov. (Figure 
10B) (median apophysis divided into 4 pine needlelike 
structures in L. chakou Wang 8 Li sp. nov. and L. grandispina, 
15 pine needlelike structures in L. liuzhai Wang & Li sp. nov., 
and 5 pine needlelike structures in L. pentakis); from L. 
chakou Wang & Li sp. nov. and L. grandispina by the tibial 
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spines slender (Figure 10D) (I tibial spine in L. chakou Wang & 
Li sp. nov. and Il spine in L. grandispina strong); from L. 
chakou Wang & Li sp. nov. and L. pentakis by the cymbium 
not constricted medially in this new species. 


Description. Male (holotype). Total length 2.25 (Figure 10A). 
Carapace 1.13 long, 1.00 wide. Opisthosoma 1.25 long, 0.90 
wide. Carapace yellow. Ocular area with a pair of setae, eyes 
six. Median groove needle-shaped, cervical grooves and radial 
furrows indistinct. Clypeus 0.12 high. Opisthosoma gray, ovoid. 
Leg measurements: | - (2.63, -, 2.88, 2.35, 1.60); Il - (2.13, -, 
2.25, 2.00, 1.10); III - (1.88, -, 1.75, 1.50, 0.95); IV - (2.38, -, 
2.38, 2.10, 1.25). Male pedipalp (Figure 10C-D): tibia with 3 
long spines prolaterally, and 5 spines retrolaterally, with | spine 
longest, tip bifurcated. Cymbium not wrinkled, earlobe-shaped 
process absent, cymbium double the length of bulb. Embolus 
spoon-shaped; prolateral lobe reduced. Median apophysis 
sclerotized, divided into 2 sharp pine needlelike structures. 
Conductor reduced (Figure 10B). 


Female (one of the paratypes). Similar to male in color and 
general features, but smaller and with shorter legs. Total length 
2.10 (Figure 11A-B). Carapace 1.00 long, 0.85 wide. 
Opisthosoma 1.50 long, 1.13 wide. Clypeus 0.10 high. Leg 
measurements: | 7.30 (1.75, 0.35, 2.25, 1.70, 1.25); 11 5.33 (1.40, 
0.30, 1.63, 1.00, 1.00); III 5.01 (1.25, 0.25, 1.38, 1.25, 0.88); IV 
6.48 (1.60, 0.30, 1.88, 1.60, 1.10). Vulva (Figure 11C): 
spermathecae coiled, apical part free, atrium semicircular, 
anterior margin of the atrium with short hairs. 


Distribution. China (Guangxi). 


Leptonetela chenjia Wang & Li sp. nov. 
Figures 12—13, 97 


Type material. Holotype: male (IZCAS), Chenjia Cave, N28.38°, 
E108.67?, Tianba, Songtao County, Tongren City, Guizhou Prvince, 
China, 9 March 2013, H. Zhao & J. Liu leg. Paratypes: 1 male 
and 2 females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. anshun Lin & Li, 
2010, L. suae Lin & Li, 2010, L. tongzi Lin & Li, 2010, L. meitan 
Lin & Li, 2010, L. liangfeng Wang & Li sp. nov., and L. sanyan 
Wang & Li sp. nov., but can be distinguished by the male 
pedipalal tibia | spine far apart from the other 4 spines (Figure 
12D), conductor reduced (Figure 12B) (tibial spine | bifurcated 
symmetrically in L. anshun; conductor tip bifurcated in L. 
anshun, bamboo leaf-shaped in L. sanyan Wang 8 Li sp. nov., 
and L. tongzi; thin, triangular in L. suae and L. meitan, and C 
shaped in L. liangfeng Wang 8 Li sp. nov.); is also similar to L. 
huoyan Wang & Li sp. nov., but can be distinguished by the 
absent median apophysis, reduced conductor (Figure 12B) 
(median apophysis present, slightly sclerotized, index finger 
like, conductor broad, semicircular in L. huoyan Wang 8 Li sp. 
nov.). 





Figure 10 Leptonetela shuilian sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor, 
MA: median apophysis. 
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Figure 11 Leptonetela shuilian sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 12 Leptonetela chenjia sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor. 
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Figure 13 Leptonetela chenjia sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Description. Male (holotype). Total length 2.50 (Figure 12A). 
Carapace 1.25 long, 0.95 wide. Opisthosoma 1.25 long, 0.88 
wide. Carapace yellow. Ocular area with a pair of setae, six 
eyes. Median groove needle-shaped, cervical grooves and 
radial furrows distinct. Clypeus 0.15 high. Opisthosoma pale 
brown, ovoid, with pigmented stripe. Leg measurements: | 
10.44 (2.60, 0.37, 3.05, 2.50, 1.62); Il 7.84 (2.25, 0.35, 2.25, 
1.87, 1.12); III 6.41 (1.50, 0.32, 1.87, 1.62, 1.10); IV 8.59 (2.50, 
0.35, 2.37, 2.12, 1.25). Male pedipalp (Figure 12C—D): tibia with 
3 long spines prolaterally, 5 spines retrolaterally, with | spine 
longest, far apart from others. Cymbium not wrinkled. Embolus 
triangular, prolateral lobe oval. Median apophysis absent. 
Conductor reduced (Figure 12B). 


Female (one of the paratypes). Similar to male in color and 
general features, but smaller and with shorter legs. Total length 
2.25 (Figure 13A-B). Carapace 0.87 long, 0.80 wide. 
Opisthosoma 1.37 long, 1.12 wide. Clypeus 0.12 high. Leg 
measurements: | 7.89 (2.12, 0.37, 2.25, 1.85, 1.30); II 6.19 (1.62, 
0.32, 1.75, 1.40, 1.10); 111 5.10 (1.45, 0.30, 1.25, 1.20, 0.90); IV 
6.76 (1.80, 0.35, 1.87, 1.62, 1.12). Vulva (Figure 13C): 
spermathecae coiled, apical part coiled, atrium triangular. 


Distribution. China (Guizhou). 


Leptonetela liangfeng Wang & Li sp. nov. 
Figures 14—15, 97 


Type material. Holotype: male (IZCAS), Liangfeng Cave, 
N28.32°, E107.84°, Tian, Fengle Town, Wuchuan County, Zunyi 
City, Guizhou Province, China, 7 August 2012, H. Zhao leg. 
Paratypes: 1 male and 2 females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. anshun Lin & Li, 
2010, L. suae Lin & Li, 2010, L. tongzi Lin & Li, 2010, L. 
meitan Lin & Li, 2010, L. chenjia Wang 8 Li sp. nov., and L. 
sanyan Wang & Li sp. nov., but can be distinguished by the 
male pedipalpal bulb conductor C shaped (Figure 14B) 
(conductor tip bifurcated in L. anshun, bamboo leaf-shaped in 
L. sanyan Wang 8 Li sp. nov., and L. tongzi; thin, triangular in 
L. suae and L. meitan, reduced in L. chenjia Wang & Li sp. 
nov.); from L. anshun by the tibia | spine slender not 
bifurcated (Figure 14D) (tibia | spine symmetrically bifurcated 
in L. anshun). 


Description. Male (holotype). Total length 2.28 (Figure 14A). 
Carapace 0.93 long, 0.88 wide. Opisthosoma 1.35 long, 0.88 
wide. Carapace yellow. Eyes absent. Median groove needle- 
shaped, cervical grooves and radial furrows indistinct. Clypeus 
0.13 high. Opisthosoma yellowish, ovoid. Leg measurements: | 
9.47 (2.59, 0.43, 2.88, 2.25, 1.32), Il 8.61 (2.23, 0.32, 2.60, 2.05, 
1.41); Ill 7.38 (2.05, 0.43, 2.08, 1.55, 1.27): IV 8.81 (2.51, 0.38, 
247, 2.28, 1.47). Male pedipalp (Figure 14C-D): tibia with 4 
long setae prolaterally and 5 spines retrolaterally, tibia | spine 
longest. Cymbium constricted medially, attached to an earlobe- 


shaped process. Embolus triangular, prolateral lobe oval. 
Median apophysis absent. Conductor C shaped in ventral 
view (Figure 14B). 


Female (one of the paratypes). Similar to male in color and 
general features, but smaller and with shorter legs. Total length 
214 (Figure 15A-B). Carapace 0.88 long, 0.73 wide. 
Opisthosoma 1.36 long, 0.95 wide. Clypeus 0.13 high. Leg 
measurements: | 7.44 (1.98, 0.38, 2.03, 1.77, 1.28); II 7.01 (1.88, 
0.37, 1.98, 1.55, 1.23); III 5.78 (1.33, 0.25, 1.75, 1.42, 1.03); IV 
7.59 (2.08, 0.33, 2.18, 1.79, 1.26). Vulva (Figure 15C): 
spermathecae coiled, atrium triangular. 


Distribution. China (Guizhou). 


Leptonetela sanyan Wang & Li sp. nov. 
Figures 16—17, 97 


Type material. Holotype: male (IZCAS), Sanyan Cave, N29.15°, 
E107.60°, Heyi, Yangxi Town, Daozhen County, Guizhou Province, 
China, 30 May 2011, Z. Zha leg. Paratypes: 1 male and 2 
females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. anshun Lin 8 Li, 
2010, L. suae Lin & Li, 2010, L. tongzi Lin & Li, 2010, L. meitan 
Lin & Li, 2010, L. chenjia Wang 8 Li sp. nov., and L. liangfeng 
Wang & Li sp. nov., but can be separated from all above 
except L. tongzi by in the male conductor C shaped in this new 
species (Figure 16B) (conductor tip bifurcated in L. anshun, C 
shaped in L. liangfeng Wang & Li sp. nov., thin, triangular in L. 
suae and L. meitan, reduced in L. chenjia Wang 8 Li sp. nov.); 
from L. tongzi by in the female atrium triangular, anterior margin 
of the atrium undulate (Figure 17C) (atrium fusiform, anterior 
margin of the atrium with pointed process medially in L. tongzi). 


Description. Male (holotype). Total length 1.78 (Figure 16A). 
Carapace 0.83 long, 0.83 wide. Opisthosoma 1.00 long, 0.75 
wide. Carapace yellowish. Ocular area with a pair of setae, six 
eyes. Median groove needle-shaped, pale brown. Cervical 
grooves and radial furrows indistinct. Clypeus 0.13 high, slightly 
sloped anteriorly. Opisthosoma yellow, ovoid, with pigmented 
stripe. Leg measurements: | 7.08 (2.00, 0.33, 2.15, 1.75, 1.15): 
Il 6.09 (1.68, 0.30, 1.73, 1.38, 1.00); IIl 4.84 (1.38, 0.28, 1.25, 
1.13, 0.80), IV 6.28 (1.75, 0.30, 1.78, 1.50, 0.95). Male pedipalp 
(Figure 16C-D): tibia with 1 long spine prolaterally, 5 spines 
retrolaterally, with the basal spine longest. Cymbium constricted 
medially, attaching an earlobe-shaped process. Embolus 
triangular, prolateral lobe absent. Median apophysis absent. 
Conductor bamboo leaf-shaped in ventral view (Figure 16B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.03 (Figure 17A-B). Carapace 0.80 long, 0.75 wide. 
Opisthosoma 1.25 long, 0.93 wide. Clypeus 0.13 high. Leg 
measurements: | 6.92 (1.88, 0.33, 2.00, 1.58, 1.13); Il 5.36 
(1.50, 0.30, 1.53, 1.15, 0.88); Ill 4.44 (1.20, 0.28, 1.13, 1.05, 
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Figure 14 Leptonetela liangfeng sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view: D: Palp, retrolateral view. PL: prolateral lobe, E: embolus; C: conductor. 
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Figure 15 Leptonetela liangfeng sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 16 Leptonetela sanyan sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view: D: Palp, retrolateral view. PL: prolateral lobe, E: embolus; C: conductor. 
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Figure 17 Leptonetela sanyan sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 18 Leptonetela wangjia sp. nov., holotype male 
A: Habitus, dorsal view; B: Right palpal bulb, ventral view; C: Right palp, retrolateral view. D: Right palp, prolateral view; PL: prolateral lobe: E: embolus; 


C: conductor. 
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Figure 19 Leptonetela wangjia sp. nov., paratype female 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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0.78): IV 5.94 (1.73, 0.30, 1.58, 1.38, 0.95). Vulva (Figure 17C): 
spermathecae coiled, atrium triangular, anterior margin of the 
atrium undulate. Short hairs modified spermathecae, sperm 
ducts, and anterior margin of atrium. 


Distribution. China (Guizhou). 


Leptonetela wangjia Wang & Li sp. nov. 
Figures 18-19, 97 


Type material. Holotype: male (IZCAS), Wangjia Cave, N26.98°, 
E107.94°, Gaoqi, Nongchang Town, Huangpin County, Guizhou 
Province, China, 4 March 2012, H. Zhao & J. Liu leg. Paratype: 
1 female, same data as holotype . 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. danxia Lin & Li, 
2010, and L. yaoi wang & Li, 2011, but can be distinguished by 
the reduced pedipalpal bulb conductor (Figure 18B) (conductor 
C shaped in L. danxia, bamboo leaf-shaped in L. yaoi), from L. 
yaoi by the tibia | spine slender, asymmetrically bifurcated 
(Figure 18C) (tibia | spine strong in L. yaoi); from L. danxia by 
the unwrinkled cymbium (Figure 18C-D) (cymbium constricted 
and wrinkled at 1/3 in L. danxia). 


Description. Male (holotype). Total length 2.13 (Figure 18A). 
Carapace 0.88 long, 0.80 wide. Opisthosoma 1.00 long, 0.88 
wide. Carapace yellow. Ocular area with a pair of setae, six 
eyes. Median groove needle-shaped, cervical grooves and 
radial furrows distinct. Clypeus 0.13 high. Opisthosoma gray, 
ovoid. Leg measurements: | - (1.88, 0.25,-, -, -): Il 5.66 (1.63, 
0.25, 1.63, 1.25, 0.90); Ill 4.71 (1.25, 0.23, 1.25, 1.13, 0.85); IV 
6.25 (1.75, 0.25, 1.75, 1.50, 1.00). Male pedipalp (Figure 18C- 
D): tibia with 7 long setae prolaterallly and 5 spines retrolaterally, 
| spine slender, longest, asymmetrically bifurcated. Cymbium 
not wrinkled, earlobe-shaped process absent. Embolus 
triangular, prolateral lobe oval. Median apophysis absent. 
Conductor reduced (Figure 18B). 


Female. Similar to male in color and general features, but 
larger and with longer legs. Total length 2.50 (Figure 19A-B). 
Carapace 1.00 long, 0.90 wide. Opisthosoma 1.50 long, 1.15 
wide. Clypeus 0.20 high. Leg measurements: | 9.26 (2.55, 
0.38, 2.60, 2.10, 1.63); II 8.25 (2.37, 0.38, 2.25, 1.90, 1.35); III 
6.90 (2.05, 0.35, 1.75, 1.65, 1.10); IV 7.86 (2.30, 0.38, 2.13, 
1.75, 1.30). Vulva (Figure 19C): spermathecae coiled, atrium 
fusiform. 


Distribution. China (Guizhou). 


Leptonetela qiangdao Wang & Li sp. nov. 
Figures 20-21, 97 


Type material. Holotype: male (IZCAS), Qiangdao Cave, N25.83*, 
E109.04°, Guandong Town, Congjiang County, Qiandongnan 
Prefecture, Guizhou, China, 16 March 2013, H. Zhao & J. Liu 
leg. Paratypes: 3 females, same data as holotype. 
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Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. furcaspina Lin & Li, 
2010, L. langdong Wang & Li sp. nov. and L. dashui Wang & Li 
sp. nov., but can be distinguished by the male pedipalpal tibia | 
spine strong (Figure 20D), conductor bamboo leaf-shaped in 
ventral view (Figure 20B) (tibia | spine strong, asymmetrically 
bifurcated, conductor C shaped in L. furcaspina, tibia | spine 
strong, tip curved, conductor reduced in L. langdong Wang & Li 
sp. nov., tibia | spine slender, Il Ill spines curved basally, 
conductor C shaped in L. dashui Wang & Li sp. nov.). 


Description. Male (holotype). Total length 1.80 (Figure 20A). 
Carapace 0.87 long, 0.90 wide. Opisthosoma 0.90 long, 0.75 
wide. Carapace yellow. Four eyes, PME absent, ALE and PLE 
reduced to white points. Median groove needle-shaped, pale 
brown, cervical grooves and radial furrows indistinct. Clypeus 
0.13 high. Opisthosoma whitish gray, ovoid, lacking distinctive 
pattern. Leg measurements: | 7.88 (2.13, 0.33, 2.20, 1.92, 1.30); 
11 6.41 (1.63, 0.30, 1.75, 1.58, 1.15); III 5.40 (1.50, 0.30, 1.45, 
1.23, 0.92); IV 7.43 (1.80, 0.33, 2.10, 1.72, 1.48). Male pedipalp 
(Figure 20C-D): tibia with 3 long setae prolaterally, 5 spines 
retrolaterally, with | spine strong, longest, tip curved. Cymbium 
with no wrinkle medially, earlobe-shaped process small. Bulb 
with spoon-shaped embolus, prolateral lobe small. Median 
apophysis absent. Conductor bamboo leaf-shaped in ventral 
view (Figure 20B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.25 (Figure 21A-B). Carapace 0.88 long, 0.80 wide. 
Opisthosoma 1.37 long, 1.13 wide. Clypeus 0.13 high. Leg 
measurements: | 6.91 (2.10, 0.38, 1.88, 1.47, 1.08); Il 6.20 
(1.70, 0.35, 1.75, 1.40, 1.00); III 4.97 (1.37, 0.30, 1.25, 1.22, 
0.83); IV 6.98 (1.88, 0.38, 1.92, 1.67, 1.13). Vulva (Figure 21C): 
spermathecae coiled, atrium trapezoidal, anterior margin of 
atrium undulate, covered with short hairs. 


Distribution. China (Guizhou). 


Leptonetela langdong Wang & Li sp. nov. 
Figures 22-23, 97 


Type material. Holotype: male (IZCAS), Menglonggong Cave, 
N27.07°, E107.76°, Langdong Village, Huangping County, 
Qiandongnan Prefecture, Guizhou Province, China, 3 March 
2013, H. Zhao & J. Liu leg. Paratypes: 1 male and 2 females, 
same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. furcaspina Lin & Li, 
2010, L. qiangdao Wang 8 Li sp. nov., and L. dashui Wang 8 Li 
sp. nov., but can be distinguished by the male pedipalpal tibia | 
spine strong, tip curved (Figure 22D), conductor reduced (Figure 
22B) (tibia | spine strong, asymmetrically bifurcated, conductor 





Figure 20 Leptonetela qiangdao sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor. 
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Figure 21 Leptonetela qiangdao sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 22 Leptonetela langdong sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe, E: embolus; C: conductor. 
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Figure 23 Leptonetela langdong sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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C shaped in L. furcaspina, tibia | spine strong, conductor 
bamboo leaf-shaped in L. qiangdao Wang 8 Li sp. nov., tibia | 
spine slender, II Ill spines curved basally, conductor C shaped 
in L. dashui Wang & Li sp. nov.). 


Description. Male (holotype): total length 2.25 (Figure 22A). 
Carapace 1.25 long, 0.87 wide. Opisthosoma 1.13 long, 0.88 
wide. Carapace yellowish. Six eyes. Median groove needle- 
shaped, cervical grooves and radial furrows indistinct. Clypeus 
0.13 high. Opisthosoma gray, ovoid. Leg measurements: | 8.91 
(2.38, 0.35, 2.55, 2.13, 1.50); Il 7.23 (2.00, 0.35, 1.88, 1.75, 
1.25); Ill 6.22 (1.75, 0.34, 1.63, 1.50, 1.00); IV 8.05 (2.25, 0.35, 
2.25, 1.90, 1.30). Male pedipalp (Figure 22C-D): femur with 6 
spines ventrally, tibia with 3 long spines prolaterally, 1 long seta 
and 5 spines retrolaterally, with | spine strong, tip curved. Cymbium 
constricted medially, attached to an earlobe-shaped process. 
Embolus triangular, bearing a tooth basally, prolateral lobe reduced. 
Median apophysis absent. Conductor reduced (Figure 22B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.25 (Figure 23A-B). Carapace 1.10 long, 0.60 wide. 
Opisthosoma 1.25 long, 0.88 wide. Clypeus 0.15 high. Leg 
measurements: | 7.48 (2.10, 0.38, 2.13, 1.62, 1.25); Il 6.14 
(1.75, 0.38, 1.63, 1.38, 1.00); Ill 5.18 (1.50, 0.35, 1.25, 1.20, 
0.88); IV 6.86 (2.00, 0.38, 1.88, 1.50, 1.10). Vulva (Figure 23C): 
spermathecae coiled, atrium triangular. 


Distribution. China (Guizhou). 


Leptonetela dashui Wang & Li sp. nov. 
Figures 24—25, 97 


Type material. Holotype: male (IZCAS), Dashui Cave, N26.61 9, 
E106.61°, Shijicheng, Jinyang New Urban Area, Guiyang City, 
Guizhou Province, China, 18 June 2011, Z. Zha leg. Paratypes: 
1 male and 2 females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. furcaspina Lin & Li, 
2010, L. giangdao Wang & Li sp. nov., and L. langdong Wang 
& Li sp. nov., but can be distinguished by the slender male 
pedipalpal tibia | spine, II Ill spines curved basally (Figure 24D), 
conductor C shaped (Figure 24B), (tibia | spine strong, tip 
curved, conductor reduced in L. langdong Wang & Li sp. nov., 
tibia | spine strong, asymmetrically bifurcated, conductor narrow 
and bifurcated in L. furcaspina, tibia | spine strong, conductor 
bamboo leaf-shaped in L. giangdao Wang & Li sp. nov.). 


Description. Male (holotype). Total length 1.88 (Figure 24A). 
Carapace 0.88 long, 0.75 wide. Opisthosoma 1.00 long, 0.75 
wide. Carapace yellowish. Eyes absent. Median groove, cervical 
grooves and radial furrows indistinct. Clypeus 0.13 high. 
Opisthosoma gray, ovoid. Leg measurements: | 8.24 (2.25, 
0.38, 2.43, 1.88, 1.30); II 7.16 (1.98, 0.35, 2.00, 1.63, 1.20); 
111 6.06 (1.75, 0.33, 1.60, 1.50, 0.88); IV 7.69 (2.13, 0.38, 
2.08, 1.85, 1.25). Male pedipalp (Figure 24C-D): femur with 
4 spines ventrally, tibia with 2 long setae prolaterally, 2 long 


setae and 5 slender spines retrolaterally, the spines equally 
strong, spine | longest. Cymbium not wrinkled, earlobe- shaped 
process small. Embolus triangular, prolateral lobe reduced. 
Median apophysis absent. Conductor C shaped in ventral 
view (Figure 24B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
1.93 (Figure 25A-B). Carapace 0.78 long, 0.75 wide. 
Opisthosoma 1.18 long, 1.00 wide. Clypeus 0.15 high. Leg 
measurements: | 6.02 (1.68, 0.28, 1.73, 1.30, 1.03); Il 5.29 
(1.45, 0.28, 1.43, 1.25, 0.88); Ill 4.34 (1.25, 0.25, 1.13, 1.03, 
0.68); IV 5.67 (1.63, 0.28, 1.58, 1.28, 0.90). Vulva (Figure 25C): 
spermathecae coiled, atrium fusiform, anterior margin with 
pointed process medially. 


Distribution. China (Guizhou). 


Leptonetela gang Wang & Li sp. nov. 
Figures 26-27, 97 


Type material. Holotype: male (IZCAS), Gang Cave, N26.87?, 
E108.91?, Tunhou, Nanming Town, Jianhe County, Kaili City, 
Guizhou Province, China, 15 December 2011, Z. Zha leg. 
Paratypes: 15 males and 6 females, same data as holotype; 4 
males and 5 females, Long Cave, N26.85°, E108.79?, 
Longtang, Liangshang Town, Sansui County, Kaili City, 
Guizhou Province, China, 18 December 2011, Z. Zha leg; 5 
males and 5 females, Shenxian Cave, N26.87°, E108.89°, 
Shixing, Xiaolan Country, Nanming Town, Jianhe County, 
Kaili City, Guizhou Province, China, 16 December 2011, Z. 
Zha leg; 5 females, Niu Cave, N26.86°, E108.93°, Cenge, 
Nanming Town, Jianhe County, Kaili City, Guizhou Province, 
China, 14 December 2011, Z. Zha leg. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. jiulong Lin 8 Li, 
2010, but can be distinguished by the male pedipalpal tibia with 
6 spines retrolaterally, tibia II spine thickest, |, Il spines equally 
length, tibia Il spine asymmetrically bifurcated (Figure 26D), 
median apophysis absent, conductor reduced (Figure 26B) (l, Il 
spines equally strong, tibia Il spine longest and bifurcate, tibia | 
spine half the length of Il, median apophysis broad and smooth, 
conductor rugose, triangular in L. jiulong). 


Description. Male (holotype). Total length 2.63 (Figure 26A). 
Carapace 1.25 long, 1.00 wide. Opisthosoma 1.50 long, 1.13 
wide. Carapace yellow. Ocular area with a pair of setae, six 
eyes. Median groove needle-shaped, cervical grooves and 
radial furrows distinct. Clypeus 0.13 high. Opisthosoma gray, 
ovoid. Leg measurements: | 10.66 (3.00, 0.38, 3.13, 2.55, 1.60); 
Il 8.96 (2.50, 0.38, 2.55, 2.13, 1.40); III 7.55 (2.25, 0.35, 2.00, 
1.75, 1.20); IV 9.68 (2.75, 0.38, 2.75, 2.35, 1.45). Male pedipalp 
(Figure 26C-D): tibia with 5 long spines prolaterally, 6 spines 
retrolaterally, tibia Il spine thickest asymmetrically bifurcated, | Il 
spines equally length. Cymbium constricted medially, attached 
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Figure 24 Leptonetela dashui sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view: C: Palp, prolateral view: D: Palp, retrolateral view. PL: prolateral lobe, E: embolus; C: conductor. 
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Figure 25 Leptonetela dashui sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 26 Leptonetela gang sp. nov., holotype male 
A: Habitus, dorsal view, B: Palpal bulb, ventral view; C: Palp, prolateral view: D: Palp, retrolateral view. PL: prolateral lobe, E: embolus; C: conductor. 
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Figure 27 Leptonetela gang sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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to an earlobe-shaped process. Embolus triangular, median 
apophysis absent, conductor reduced (Figure 26B). 


Female (one of the paratypes). Similar to male in color and 
general features, but smaller and with shorter legs. Total 
length 2.38 (Figure 27A-B). Carapace 1.00 long, 0.88 wide. 
Opisthosoma 1.50 long, 1.20 wide. Clypeus 0.13 high. Leg 
measurements: | 9.26 (2.50, 0.38, 2.75, 2.13, 1.50); Il 7.51 
(2.00, 0.38, 2.13, 1.75, 1.25): III 6.29 (1.88, 0.38, 1.63, 1.40, 
1.00); IV 8.11 (2.25, 0.38, 2.25, 1.88, 1.35). Vulva (Figure 
27C): spermathecae coiled, atrium fusiform. 


Distribution. China (Guizhou). 


Leptonetela la Wang 8 Li sp. nov. 
Figure 28-29, 97 


Type material. Holotype: male (IZCAS), La Cave in Xiaoyakou, 
N25.80°, E104.95°, Puan County, Qianxinan Prefecture, Guizhou 
Province, China, 14 July 2012, H. Zhao leg. Paratypes: 3 
males and 5 females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. rudong Wang & Li 
sp. nov. and L. wenzhu Wang & Li sp. nov. but can be 
distinguished from L. wenzhu Wang & Li sp. nov. by the male 
pedipalpal tibia with 7 spines retrolaterally (tibia with 6 spines 
retrolaterally in L. wenzhu Wang & Li sp. nov.); from L. rudong 
Wang & Li sp. nov. by the tibia with 4 long setae prolaterally 
(Figure 28D) (tibia with 2 long setae, 2 spines prolaterally, 
cymbium with 1 horn-shaped spine on the earlobe-shaped 
process in L. rudong Wang & Li sp. nov.); from L. rudong Wang 
& Li sp. nov., and L. wenzhu Wang & Li sp. nov. by the 
conductor broad, C shaped (conductor thin, triangular in L. 
rudong Wang & Li sp. nov., bamboo leaf-shaped in L. wenzhu 
Wang & Li sp. nov.). 


Description. Male (holotype). Total length 2.97 (Figure 28A). 
Carapace 1.25 long, 1.09 wide. Opisthosoma 1.71 long, 1.40 
wide. Carapace yellow. Ocular area with a pair of setae, eyes 
absent. Median groove needle-shaped, cervical grooves and 
radial furrows distinct. Clypeus 0.17 high. Opisthosoma gray, 
ovoid. Leg measurements: | 10.49 (2.60, 0.40, 3.16, 2.48, 1.85); 
11 9.70 (2.66, 0.41, 2.81, 2.26, 1.56); Ill 8.83 (2.34, 0.40, 2.81, 
1.97, 1.31); IV 10.17 (2.81, 0.41, 2.88, 2.51, 1.56). Male 
pedipalp (Figure 28C-D): tibia with 4 long setae prolaterally and 
7 slender spines retrolaterally, tibia | Il spines of equal length, 
longer than other spines. Cymbium constricted medially, 
attaching an earlobe-shaped process. Embolus triangular, 
prolateral lobe oval. Median apophysis absent. Conductor C 
shaped in ventral view (Figure 28B). 


Female (one of the paratypes). Similar to male in color and 
general features, but smaller and with shorter legs. Total length 
2.81 (Figure 29A-B). Carapace 1.09 long, 1.01 wide. 
Opisthosoma 1.69 long, 1.47 wide. Clypeus 0.17 high. Leg 
measurements: | 9.68 (2.56, 0.40, 2.97, 2.13, 1.62); Il 8.23 (2.34, 
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0.34, 2.43, 1.81, 1.31); IIl 7.03 (2.19, 0.34, 2.03, 1.38, 1.09); IV 
9.18 (2.51, 0.34, 2.59, 2.38, 1.31). Vulva (Figure 29C): 
spermathecae coiled, atrium fusiform, anterior margin of atrium 
with one large pointed process medially, and covered with short 
hairs. 


Distribution. China (Guizhou). 


Leptonetela rudong Wang & Li sp. nov. 
Figures 30—31, 97 


Type material. Holotype: male (IZCAS), Rudong Cave, N25.57°, 
E110.62°, Longpan Mountain, Dongtian, Xing'an County, Guilin 
City, Guangxi Zhuang Autonomous Region, China, 11 July 2009, 
C. Wang 4 Z. Yao leg. Paratypes: 1 male and 3 females, same 
data as holotype; 3 females, Gouya Cave, N25.46°, E110.11°, 
Hufeng, Guanyang County, Guilin City, Guangxi Zhuang 
Autonomous Region, China, 30 August 2009, C. Wang & Z. Yao 
leg; 2 females, Jiulong Cave, N25.46°, E110.09°, Shifeng, 
Guanyang County, Guilin City, Guangxi Zhuang Autonomous 
Region, China, 30 August 2009, C. Wang & Z. Yao leg. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. la Wang & Li sp. 
nov., and L. wenzhu Wang & Li sp. nov. but can be 
distinguished by the male pedipalpal tibia with 2 long setae, 2 
spines prolaterally, 1 long seta, and 6 spines retrolaterally, 
cymbium with 1 horn-shaped spine on the earlobe-shaped 
process (Figure 30C-D), conductor thin, triangular in ventral 
view (Figure 30B) (tibia with 4 long setae prolaterally, 7 slender 
spines retrolaterally, conductor broad, C shaped in L. la Wang & 
Li sp. nov.; tibia with 2 long setae prolaterally, 6 spines 
retrolaterally, with tibia | spine strongest, conductor bamboo 
leaf-shaped in L. wenzhu Wang & Li sp. nov.). 


Description. Male (holotype). Total length 2.12 (Figure 30A). 
Carapace 0.88 long, 0.85 wide. Opisthosoma 1.25 long, 1.05 
wide. Carapace yellowish. Ocular area with a pair of setae, 
eyes six. Median groove needle-shaped, cervical grooves and 
radial furrows indistinct. Clypeus 0.13 high. Opisthosoma brown, 
ovoid. Leg measurements: | 10.15 (2.84, 0.38, 3.00, 2.38, 1.55); 
Il 7.84 (2.08, 0.38, 2.23, 1.88, 1.27); III 6.55 (1.83, 0.35, 1.75, 
1.62, 1.00); IV 8.31 (2.25, 0.38, 2.38, 2.05, 1.25). Male pedipalp 
(Figure 30C-D): tibia with 2 long setae, 2 spines prolaterally, 1 
long seta and 6 slender spines retrolaterally, with | spine 
longest. Cymbium constricted medially, with 1 horn-shaped 
spine on the earlobe-shaped process. Embolus triangular, 
pedipalpal bulb oval. Median apophysis absent. Conductor thin, 
triangular in ventral view (Figure 30B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.15 (Figure 31A-B). Carapace 0.90 long, 0.88 wide. 
Opisthosoma 1.33 long, 1.02 wide. Clypeus 0.13 high. Leg 
measurements: | 8.64 (2.35, 0.33, 2.55, 1.88, 1.53); Il 6.87 
(2.03, 0.33, 1.88, 1.50, 1.13); III 6.06 (1.90, 0.33, 1.50, 1.35, 
0.98); IV 7.39 (1.98, 0.33, 2.13, 1.78, 1.17). Vulva (Figure 31C): 





Figure 28 Leptonetela la sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe, E: embolus; C: conductor. 
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Figure 29 Leptonetela la sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 30 Leptonetela rudong sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe, E: embolus; C: conductor. 
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Figure 31 Leptonetela rudong sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 32 Leptonetela wenzhu sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe, E: embolus; C: conductor. 
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Figure 33 Leptonetela wenzhu sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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spermathecae coiled, atrium semicircular, anterior margin of 
atrium with one pointed process medially, and covered with 
short hairs. 


Leptonetela wenzhu Wang & Li sp. nov. 
Figures 32-33, 97 


Type material. Holotype: male (IZCAS), Wenzhu Cave, N25.44°, 
E105.13°, Longchang Town, Xingren City, Guizhou Province, 
China, 16 July 2012, H. Zhao leg. Paratypes: 1 male and 2 
females, same data as holotype; 4 females, Xiaoya Cave, 
N25.44°, E105.13°, Yagiao Town, Xingren City, Guizhou 
Province, China, 16 July 2012, H. Zhao leg. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. rudong Wang 8 Li 
sp. nov., and L. la Wang 8 Li sp. nov. but can be distinguished 
by the male pedipalpal tibia with 6 spines retrolaterally (Figure 
32D), conductor bamboo leaf-shaped in ventral view (Figure 
32B) (tibia with 1 long seta, 6 spines retrolaterally in L. rudong 
Wang 8 Li sp. nov., tibia with 7 spines retrolaterally in L. la 
Wang & Li sp. nov., conductor broad, C shaped in L. la Wang & 
Li sp. nov.; thin, triangular in L. rudong Wang 8 Li sp. nov.). 


Description. Male (holotype). Total length 2.63 (Figure 32A). 
Carapace 1.28 long, 1.03 wide. Opisthosoma 1.34 long, 1.09 
wide. Carapace yellowish. Ocular area with a pair of setae, 
PME and PLE absent, ALE reduced to white points. Median 
groove, cervical groove and radial furrows indistinct. Clypeus 
0.25 high. Opisthosoma gray, ovoid. Leg measurements: | 
10.17 (2.78, 0.37, 3.12, 2.34, 1.56); II 7.34 (2.53, 0.37, 1.94, 
1.72, 0.78); IIl 7.70 (2.19, 0.37, 2.03, 1.88, 1.22); IV 9.28 (2.60, 
0.37, 2.56, 2.28, 1.47). Male pedipalp (Figure 32C—D): tibia with 
6 spines retrolaterally, arranged  equidistantly. Embolus 
triangular, prolateral lobe absent. Median apophysis absent. 
Conductor bamboo leaf-shaped in ventral view (Figure 32B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.88 (Figure 33A-B). Carapace 1.20 long, 1.00 wide. 
Opisthosoma 1.60 long, 1.20 wide. Clypeus 0.18 high. Leg 
measurements: | 8.62 (2.53, 0.37, 2.51, 1.90, 1.31); Il 7.36 
(2.09, 0.34, 1.94, 1.65, 1.34); Ill 6.18 (1.55, 0.31, 1.69, 1.47, 
1.16); IV 7.98 (2.44, 0.31, 2.01, 1.88, 1.34). Vulva (Figure 33C): 
spermathecae coiled, atrium triangular. 


Distribution. China (Guizhou). 


Leptonetela longli Wang & Li sp. nov. 
Figures 34-35, 97 


Type material. Holotype: male (IZCAS), Underground River, 
N25.27°, E107.44°, Longli, Liuzhai Town, Nandan County, 
Hechi City, Guangxi Zhuang Autonomous Region, China, 29 
January 2015, Y. Li & Z. Chen leg. Paratypes: 3 males and 4 
females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. chiosensis Wang & 
Li, 2011 and L. panbao Wang & Li sp. nov., but can be 
distinguished by the male pedipalpal tibia |, Il and Ill spines 
equally strong (Figure 34D), conductor C shaped (Figure 34B) 
(tibia | spine strong, conductor triangular in L. chiosensis; tibia 
spines slender, cymbium with 1 strong spine on the earlobe- 
shaped process, conductor reduced, embolus with 1 tooth 
basally in L. panbao Wang & Li sp. nov.). 


Description. Male (holotype). Total length 1.88 (Figure 34A). 
Carapace 0.87 long, 0.75 wide. Opisthosoma 1.00 long, 0.80 
wide. Carapace yellowish. Ocular area with a pair of setae, 
eyes six. Median groove, cervical grooves and radial furrows 
indistinct. Clypeus 0.10 high. Opisthosoma gray, ovoid. Leg 
measurements: | 6.38 (1.75, 0.25, 1.88, 1.50, 1.00); Il 5.03 
(1.40, 0.25, 1.38, 1.25, 0.75); Ill 4.25 (1.37, 0.20, 1.13, 1.00, 
0.55); IV 5.71 (1.63, 0.25, 1.60, 1.35, 0.88). Male pedipalp 
(Figure 34C-D): tibia with 3 long spines prolaterally, 5 spines 
retrolaterally, tibia | spine longest, |, II Ill spines equally strong, 
stronger than other spines. Embolus triangular, prolateral lobe 
reduced. Median apophysis “ J ” shaped in ventral view. 
Conductor “C” shaped in ventral view (Figure 34B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
1.95 (Figure 35A-B). Carapace 0.88 long, 0.88 wide. 
Opisthosoma 1.25 long, 1.00 wide. Clypeus 0.10 high. Leg 
measurements: | 5.03 (1.38, 0.25, 1.50, 1.15, 0.75); Il 4.58 
(1.25, 0.25, 1.13, 1.10, 0.85); III 3.55 (1.00, 0.20, 0.88, 0.87, 
0.60); IV 4.76 (1.30, 0.25, 1.38, 1.13, 0.70). Vulva (Figure 35C): 
spermathecae coiled, atrium fusiform. 


Distribution. China (Guangxi). 


Leptonetela panbao Wang & Li sp. nov. 
Figures 36-37, 97 


Type material. Holotype: male (IZCAS), Panbao Cave, N28.38°, 
E108.67°, Panbao, Shichang Town, Songtao County, Tongren 
City, Guizhou Province, China, 8 March 2013, H. Zhao & J. Liu 
leg. Paratypes: 2 male and 4 females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. chiosensis Wang & 
Li, 2011 and L. Longli Wang & Li sp. nov., but can be 
distinguished by the male pedipalpal tibial spines slender, 
equally strong, cymbium with 1 strong spine on the earlobe- 
shaped process (Figure 36D), conductor reduced, embolus with 
1 tooth basally (Figure 36B) (tibia | spine stronger than other 
spines, conductor triangular in L. chiosensis; tibia I, ll and Ill 
spines equally strong, stronger than other spines, conductor C 
shaped in L. panbao Wang & Li sp. nov.). 


Description. Male (holotype). Total length 2.38 (Figure 36A). 
Carapace 1.15 long, 1.00 wide. Opisthosoma 1.25 long, 0.90 
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Figure 34 Leptonetela longli sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor; 
MA: median apophysis. 
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Figure 35 Leptonetela longli sp. nov., one of the paratype females 
A: Habitus, dorsal view; B: Habitus, ventral view; C: Spermathecae, dorsal view. At: atrium; SS: spermathecae stalk; SH: spermathecae. 
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Figure 36 Leptonetela panbao sp. nov., holotype male 
A: Habitus, dorsal view, B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe: E: embolus; C: conductor, 
MA: median apophysis. 
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Figure 37 Leptonetela panbao sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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wide. Carapace yellow. Six eyes. Median groove needle-shaped, 
cervical grooves and radial furrows distinct. Clypeus 0.13 high. 
Opisthosoma gray, ovoid. Leg measurements: | 10.50 (2.75, 0.35, 
3.50, 2.40, 1.50); Il 7.86 (2.13, 0.35, 2.35, 1.90, 1.13): III 6.22 
(1.75, 0.34, 1.75, 1.38, 1.00), IV 8.43 (2.38, 0.35, 2.40, 2.05, 
1.25). Male pedipalp (Figure 36C-D): tibia with 4 long spines 
prolaterally, 5 slender spines retrolaterally, the spines equally 
strong, tibia | spine longest. Cymbium not wrinkled, earlobe- 
shaped process small, with 1 spine. Embolus triangular, bearing a 
basal tooth, prolateral lobe oval. Median apophysis single quote 
shaped, “'” in ventral view. Conductor reduced (Figure 36B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.50 (Figure 37A-B). Carapace 1.13 long, 1.00 wide. 
Opisthosoma 1.62 long, 1.25 wide. Clypeus 0.13 high. Leg 
measurements: | 8.85 (2.30, 0.30, 2.62, 2.13, 1.50); Il 6.81 
(1.88, 0.30, 2.00, 1.50, 1.13), Ill 5.76 (1.63, 0.25, 1.63, 1.25, 
1.00); IV 7.58 (2.25, 0.30, 2.13, 1.75, 1.15). Vulva (Figure 37C): 
spermathecae coiled, atrium triangular, anterior margin of 
atrium covered with short hairs. 


Distribution. China (Guizhou). 


Leptonetela feilong Wang & Li sp. nov. 
Figures 38-39, 97 


Type material. Holotype: male (IZCAS), Feilong Cave, N26.44°, 
E107.02°, Longli Town, Qiannan Prefecture, Guizhou Province, 
China, 27 July 2012, H. Zhao leg. Paratypes: 9 females, same 
data as holotype; 1 female, Lianhua Cave, N26.43°, E106.95°, 
Lianhua Town, Qiannan Prefecture, Guizhou Province, China, 
27 July 2012, H. Zhao leg. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. yangi Lin & Li, 
2010 and L. jiahe Wang 8 Li sp. nov., but can be distinguished 
from L. yangi by the male pedipalpal cymbium constricted 
medially, attaching an earlobe-shaped process (Figure 38D), 
conductor triangular (Figure 38B) (cymbium not constricted, 
earlobe-shaped process absent, conductor reduced in L. yangi), 
from L. fiahe Wang 8 Li sp. nov. by the median apophysis “m”- 
shaped, conductor triangular (cymbium with 1 spine on the 
earlobe-shaped process, and 1 curved long spine medially, 
median apophysis like pointedprocess, with 3 sclerotized spots 
distally, conductor C shaped in L. jiahe Wang 8 Li sp. nov.). 


Description. Male (holotype). Total length 2.31 (Figure 38A). 
Carapace 1.02 long, 1.30 wide. Opisthosoma 1.30 long, 1.14 
wide. Carapace yellowish. Ocular area with a pair of setae, 
eyes absent. Median groove needle-shaped, cervical grooves 
and radial furrows indistinct. Clypeus 0.15 high. Opisthosoma 
gray, ovoid. Leg measurements: | 9.53 (2.66, 0.40, 2.81, 2.19, 
1.47); Il 8.09 (2.41, 0.40, 2.41, 1.93, 0.94); III 7.17 (2.03, 0.40, 
1.94, 1.72, 1.08); IV 8.82 (2.71, 0.41, 2.51, 1.94, 1.25). Male pedipalp 
(Figure 38C-D): tibia with 2 long setae prolaterally, 5 spines 
retrolaterally, spines |, Il and Ill equally strong, spine | longest. 
Cymbium constricted medially, attaching an earlobe-shaped 
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process retrolaterally. Embolus triangular, prolateral lobe nearly 
absent. Median apophysis “m”-shaped. Conductor triangular 
(Figure 38B). 


Female (one of the paratypes). Similar to male in color and 
general features, but smaller and with shorter legs. Total length 
2.13 (Figure 39A-B). Carapace 0.88 long, 0.88 wide. 
Opisthosoma 1.25 long, 0.87 wide. Clypeus 0.08 high. Leg 
measurements: | 8.44 (2.38, 0.30, 2.51, 1.87, 1.38); Il 7.48 
(2.05, 0.31, 2.25, 1.62, 1.25); Ill 6.20 (1.75, 0.31, 1.75, 1.38, 
1.01); IV 7.73 (2.25, 0.32, 2.25, 1.78, 1.13). Vulva (Figure 39C): 
spermathecae coiled, atrium fusiform. 


Distribution. China (Guizhou). 


Leptonetela jiahe Wang & Li sp. nov. 
Figures 40—41, 97 


Type material. Holotype: male (IZCAS), Jiahe Cave, N25.25°, 
E110.20°, Lingui Town, Lingui County, Guilin City, Guangxi Zhuang 
Autonomous Region, China, 20 December 2013, H. Zhao leg. 
Paratypes: 3 males and 5 females, same data as holotype; 6 
males and 5 females, Flytiger Cave, N25.25°, E110.20°, Lingui 
Town, Lingui County, Guilin City, Guangxi Zhuang Autonomous 
Region, China, 20 December 2013, H. Zhao leg. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. yangi Lin & Li, 
2010, and L. feilong Wang 8 Li sp. nov., but can be distinguished 
by the male pedipalpal cymbium with 1 short spine on the 
earlobe-shaped process, and 1 curved, long spine retrolaterally 
(Figure 40D), median apophysis shaped like a pointed process, 
tip with 3 sclerotized spots, conductor C shaped (Figure 40B) 
(median apophysis “m”-shaped in L. yangi and L. feilong Wang 
& Li sp. nov., conductor reduced in L. yangi; triangular in L. 
feilong Wang & Li sp. nov.). 


Description. Male (holotype). Total length 2.43 (Figure 40A). 
Carapace 1.03 long, 0.90 wide. Opisthosoma 1.43 long, 1.22 
wide. Carapace yellowish. Ocular area with a pair of setae, six 
eyes. Median groove, cervical grooves and radial furrows 
indistinct. Clypeus 0.13 high. Opisthosoma white, ovoid. Leg 
measurements: | 9.22 (2.48, 0.38, 2.66, 2.20, 1.50); Il 7.58 
(2.13, 0.35, 2.20, 1.75, 1.15); Ill 6.21 (1.75, 0.30, 1.63, 1.53, 
1.00); IV 8.11 (2.25, 0.35, 2.13, 2.00, 1.38). Male pedipalp 
(Figure 40C—D): tibia with 5 slender spines retrolaterally, spines 
l, Il and Ill equally strong, stronger than other spines, spine | 
longest. Cymbium constricted medially, retrolaterally attaching 
to 1 curved spine and an earlobe-shaped process, with 1 short 
spine. Embolus triangular, and prolateral lobe absent. Median 
apophysis shaped like pointed process, with 3 sclerotized spots 
distally. Conductor C shaped (Figure 40B). 


Female (one of the paratypes). Similar to male in color and 
general features, but smaller and with shorter legs. Total length 
2.30 (Figure 41A-B). Carapace 0.93 long, 0.80 wide. 





Figure 38 Leptonetela feilong sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view, D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor, 
MA: median apophysis. 
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Figure 39 Leptonetela feilong sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 40 Leptonetela jiahe sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view, D: Palp, retrolateral view. PL: prolateral lobe: E: embolus; C: conductor, 
MA: median apophysis. 


Zoological Research 38(6): 321-448, 2017 377 





0.1 mm 





Figure 41 Leptonetela jiahe sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Opisthosoma 1.45 long, 1.28 wide. Clypeus 0.13 high. Leg 
measurements: | - (1.95, 0.38, -, -, -); Il 5.91 (1.63, 0.35, 1.70, 
1.25, 0.98); Ill 4.96 (1.38, 0.33, 1.30, 1.12, 0.83); IV 6.53 (1.85, 
0.35, 1.78, 1.50, 1.05). Vulva (Figure 41C): spermathecae coiled, 
atrium fusiform. 


Distribution. China (Guangxi). 


Leptonetela xianren Wang ŝ Li sp. nov. 
Figures 42-43, 97 


Type material. Holotype: male (IZCAS), Xianren Cave, N29.73°, 
E110.31°, Yvpingxini, Zouma Town, Hefeng County, Enshi Tujia 
and Miao Autonomous Prefecture, Hubei Province, China, 27 
January 2011, Y. Li 4 J. Liu leg. Paratypes: 2 males and 3 
females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. liping Lin & Li, 
2010, and L. parlonga Wang 8 Li, 2011 but can be distinguished 
by the male pedipalpal tibia with 5 slender spines retrolaterally, 
with spine | longest (Figure 42D) (tibia with 5 spines 
retrolaterally, spine | strong and longest in L. liping, 6 slender 
spines in L. parlonga); median apophysis triangular (Figure 42B) 
(median apophysis like pointed process in L. liping; ligulate in L. 
parlonga); from L. parlonga by the cymbium retrolaterally with 1 
horn-shaped spine on the earlobe-shaped process in L. 
parlonga. 


Description. Male (holotype). Total length 2.23 (Figure 42A). 
Carapace 0.95 long, 0.93 wide. Opisthosoma 1.25 long, 0.88 
wide. Carapace yellow. Ocular zone with a pair of setae, eyes 
absent. Median groove, cervical groove and radial furrows 
indistinct. Clypeus 0.13 high. Opisthosoma gray, ovoid, lacking 
distinct pattern. Leg measurements: | 8.99 (2.50, 0.38, 2.48, 
2.00, 1.63); Il 8.48 (2.38, 0.37, 2.28, 1.90, 1.55); III 7.12 (2.03, 
0.33, 1.88, 1.63, 1.25): IV 7.88 (2.48, 0.38, 2.07, 1.60, 1.35). 
Leg formula: l-II-IV-IIl. Male pedipalp (Figure 42C-D): femur 
with 5 spines ventrally, tibia with 3 long setae prolaterally, 2 long 
setae and 5 slender spines retrolaterally, with spine | longest. 
Cymbium constricted medially, attaching an earlobe-shaped 
process retrolaterally. Embolus triangular, prolateral lobe 
indistinct. Median apophysis triangular. Conductor bamboo leaf- 
shaped in ventral view (Figure 42B). 


Female (one of the paratypes). Similar to male in color and 
general features but larger and with shorter legs. Total length 
2.38 (Figure 43A-B). Carapace 0.85 long, 0.83 wide. 
Opisthosoma 1.55 long, 1.03 wide. Clypeus 0.15 high. Leg 
measurements: | 8.11 (2.25, 0.38, 2.20, 1.88, 1.40); Il 7.71 
(2.18, 0.35, 2.13, 1.70, 1.35); Ill 6.76 (2.00, 0.35, 1.78, 1.50, 
1.13); IV 7.79 (2.45, 0.40, 2.03, 1.58, 1.33). Vulva (Figure 43C): 
spermathecae coiled, atrium fusiformed. 


Distribution. China (Hubei). 


Leptonetela tiankeng Wang & Li sp. nov. 
Figures 44-45, 97 


Type material. Holotype: male (IZCAS), Tiankeng Cave, N26.64°, 
E104.80?, Hegou, Dewu Town, Zhongshan County, Liupanshui 
City, Guizhou Province, China, 9 November 2011, H. Chen 8 Z. 
Zha leg. Paratypes: 4 males and 5 females, same data as 
holotype; 2 females, Luoshui Cave, N26.64°, E104.80°, Hegou, 
Dewu Town, Zhongshan County, Liupanshui City, Guizhou 
Province, China, 9 November 2011, H. Chen & Z. Zha leg. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. rudicula Wang 8 Li, 
2011, but can be distinguished by the male pedipalpal tibia with 
6 spines retrolaterally (Figure 44D), prolateral lobe indistinct 
(Figure 44C), conductor broad and long, distal edge undulate 
(Figure 44B) (5 spines retrolaterally, prolateral lobe oval, 
conductor short, C shaped in L. rudicula). 


Description. Male (holotype). Total length 2.03 (Figure 44A). 
Carapace 1.00 long, 0.85 wide. Opisthosoma 1.10 long, 0.88 
wide. Carapace yellow. Ocular area with a pair of setae, eyes 
absent. Median groove needle-shaped, cervical grooves and 
radial furrows indistinct. Clypeus 0.13 high. Opisthosoma 
yellowish, ovoid. Leg measurements: | 9.30 (2.48, 0.35, 2.81, 
2.23, 1.43); Il 8.46 (2.35, 0.35, 2.30, 2.18, 1.28); Ill 7.11 (2.05, 
0.30, 1.98, 1.75, 1.03): IV 8.51 (2.43, 0.35, 2.33, 2.15, 1.25). 
Male pedipalp (Figure 44C-D): tibia with 5 long setae 
prolaterally, 6 slender spines retrolaterally, with spine | 
longest. Cymbium slightly constricted medially, attached to 
an earlobe-shaped process retrolaterally. Embolus triangular, 
prolateral lobe indistinct. Median apophysis flake-like, 
sclerotized distally. Conductor broad, distal edge undulate 
(Figure 44B). 


Female (one of the paratypes). Similar to male in color and 
general features, but smaller and with shorter legs. Total length 
1.93 (Figure 45A-B). Carapace 0.83 long, 0.73 wide. 
Opisthosoma 1.13 long, 0.98 wide. Clypeus 0.13 high. Leg 
measurements: | 7.68 (2.23, 0.34, 2.23, 1.63, 1.25); Il 6.41 
(1.90, 0.35, 1.78, 1.38, 1.00); III 5.69 (1.68, 0.28, 1.58, 1.38, 
0.77); IV 7.19 (2.00, 0.33, 2.03, 1.70, 1.13). Vulva (Figure 45C): 
spermathecae coiled, atrium triangular. 


Distribution. China (Guizhou). 


Leptonetela mayang Wang 8 Li sp. nov. 
Figures 46-47, 97 


Type material. Holotype: male (IZCAS), Mayang Cave, 
N28.55°, E108.06°, Quankou, Dejiang County, Tongren City, 
Guizhou Province, China, 10 August 2012, H. Zhao leg. 
Paratype: 1 female, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 
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Figure 42 Leptonetela xianren sp. nov., holotype male 
A: Habitus, dorsal view, B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor; 
MA: median apophysis. 
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Figure 43 Leptonetela xianren sp. nov., one of the paratype females 
A: Habitus, dorsal view; B: Habitus, ventral view; C: Spermathecae, dorsal view. At: atrium; SS: spermathecae stalk; SH: spermathecae. 
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Figure 44 Leptonetela tiankeng sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view: C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe, E: embolus; C: conductor, MA: 
median apophysis. 
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Figure 45 Leptonetela tiankeng sp. nov., one of the paratype females 


A: Habitus, dorsal view; B: Habitus 


; SH: spermathecae. 


ventral view; C: Spermathecae, dorsal view. At: atrium; SS: spermathecae stalk 


3 
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Figure 46 Leptonetela mayang sp. nov., holotype male 
A: Habitus, dorsal view; B: Right palpal bulb, ventral view; C: Right palp, retrolateral view; D: Right palp, prolateral view. PL: prolateral lobe: E: embolus; 


C: conductor; MA: median apophysis. 
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Figure 47 Leptonetela mayang sp. nov., paratype female 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Diagnosis. This new species can be distinguished from all 
other species of the genus by the male pedipalpal cymbium 
with one curved, short spine medially in retrolateral view, 
median apophysis triangular, spermathecae not tightly twisted, 
just spiraled in the female. 


Description. Male (holotype). Total length 2.13 (Figure 46A). 
Carapace 1.10 long, 0.75 wide. Opisthosoma 0.90 long, 1.00 
wide. Carapace white. Eye absent. Median groove, cervical 
grooves and radial furrows indistinct. Clypeus 0.13 high. 
Opisthosoma white, ovoid. Leg measurements: | 8.98 (2.50, 
0.30, 2.63, 2.05, 1.50); Il 7.68 (2.13, 0.30, 2.25, 1.75, 1.25); III 
6.76 (2.00, 0.25, 1.88, 1.63, 1.00), IV 8.21 (2.25, 0.30, 2.38, 
1.88, 1.40). Male pedipalp (Figure 46C-D): tibia with 3 long 
setae prolaterally, and 5 slender spines retrolaterally, spine | 
longest. Cymbium not wrinkled, earlobe-shaped process 
indistinct, and with 1 curved, short spine retrolaterally. Bulb with 
spoon-shaped embolus, prolateral lobe indistinct. Median 
apophysis triangular in ventral view. Conductor thin, triangular 
in ventral view (Figure 46B). 


Female. Similar to male in color and general features, but 
larger and with shorter legs. Total length 2.37 (Figure 47A-B). 
Carapace 0.88 long, 0.88 wide. Opisthosoma 1.65 long, 1.00 
wide. Clypeus 0.13 high. Leg measurements: | - (2.25, 0.30, -, -, 
-); 116.81 (2.00, 0.30, 1.88, 1.50, 1.13): III 6.16 (1.88, 0.25, 1.75, 
1.38, 0.90); IV 7.28 (2.13, 0.30, 2.00, 1.60, 1.25). Vulva (Figure 
47C): spermathecae spiraled, atrium triangular. 


Distribution. China (Guizhou). 


Leptonetela gubin Wang 8 Li sp. nov. 
Figures 48-49, 97 


Type material. Holotype: male (IZCAS), Gubin River, N26.50°, 
E107.52°, Gubin, Xingshan Town, Majiang County, Shengkaili 
City, Guizhou Province, China, 28 November 2011, H. Chen & 
Z. Zha leg. Paratypes: 22 males and 14 females, same data as 
holotype; 4 males and 5 females, nameless Cave, N26.50°, 
E107.52°, Gubin, Xingshan Town, Majiang County, Shengkaili 
City, Guizhou Province, China, 28 November 2011, H. Chen & 
Z. Zha leg. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. jinsha Lin & Li, 
2010, L. quinquespinata (Chen 8 Zhu, 2008), L. xinhua Wang 8 
Li sp. nov., L. lujia Wang 8 Li sp. nov. and L. xinhua Wang 8 Li 
sp. nov. but can be distinguished by the male pedipalpal tibia 
with 4 slender spines prolaterally, 5 slender spines retrolaterally, 
with spines l, Il equal length, cymbium with 2 long curved 
spines on earlobe-shaped process retrolaterally (Figure 48D) 
(tibia with 3 long setae prolaterally, 1 long setae and 5 spines 
retrolaterally, with spine | strongest, tip asymmetrically 
bifurcated in L. jinsha; tibia with 3 long setae prolaterally, 6 large 
spines retrolaterally, with spine | longest in L. quinquespinata; 
tibia with 4 long setae prolaterally, 5 slender spines retrolaterally, 
with spine | longest, spines II IIl equal length in L. lujia Wang & 
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Li sp. nov.; embolus bifurcated, tibia with 5 slender spines 
prolaterally, 5 slender spines retrolaterally, conductor triangular 
in L. xinhua Wang & Li sp. nov.); from L. jinsha, L. lujia Wang & 
Li sp. nov. and L. xinhua Wang & Li sp. nov. by the 
semicircular conductor, base of median apophysis distinctly 
swollen, 4 times wider than the tip (Figure 48B) (conductor 
broad, tip undulate in L. jinsha; conductor thin, triangular in L. 
lujia Wang & Li sp. nov. and L. xinhua Wang 8 Li sp. nov.; 
base of median apophysis slightly swollen in L. jinsha, L. lujia 
Wang & Li sp. nov.). 


Description. Male (holotype). Total length 1.88 (Figure 48A). 
Carapace 0.80 long, 0.78 wide. Opisthosoma 1.13 long, 0.93 
wide. Carapace yellowish. Ocular area with a pair of setae, 
eyes absent. Median groove needle-shaped, cervical grooves 
and radial furrows distinct. Clypeus 0.13 high. Opisthosoma 
gray, ovoid, lacking distinctive pattern. Leg measurements: | 
7.51 (2.00, 0.38, 2.13, 1.75, 1.25); Il 6.48 (1.75, 0.35, 1.80, 1.43, 
1.15); 111 5.51 (1.63, 0.35, 1.40, 1.25, 0.88); IV 6.82 (1.88, 0.35, 
1.88, 1.58, 1.13). Male pedipalp (Figure 48C-D): tibia with 4 
long spines prolaterally and 5 spines retrolaterally, with spines |, 
Il equally length. Cymbium constricted medially, earlobe-shaped 
process with 2 long curved spines retrolaterally. Embolus 
triangular, prolateral lobe absent. Median apophysis finger- 
shaped, base distinctly swollen. Conductor smooth, semicircular 
in ventral view (Figure 48B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with longer legs. Total length 
2.30 (Figure 49A-B). Carapace 0.88 long, 0.85 wide. 
Opisthosoma 1.40 long, 0.95 wide. Clypeus 0.15 high. Leg 
measurements: | 7.69 (2.13, 0.38, 2.25, 1.65, 1.28); Il 6.71 
(1.90, 0.38, 1.95, 1.40, 1.08); III 5.85 (1.75, 0.35, 1.50, 1.35, 
0.90); IV 7.02 (2.00, 0.38, 1.93, 1.58, 1.13). Vulva (Figure 49C): 
spermathecae coiled, atrium triangular. 


Distribution. China (Guizhou). 


Leptonetela lujia Wang & Li sp. nov. 
Figures 50—51, 97 


Type material. Holotype: male (IZCAS), Wuming Cave, N26.48°, 
E107.54?, Lujia Bridge, Gubin, Xingshan Town, Majiang County, 
Kaili City, Guizhou Province, China, 29 November 2011, H. 
Chen & Z. Zha leg. Paratypes: 1 male and 2 females, same 
data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. jinsha Lin et Li, 
2010, L. quinquespinata (Chen & Zhu, 2008), L. xinhua Wang & 
Li sp. nov. and L. gubin Wang & Li sp. nov. but can be 
distinguished by the male pedipalpal tibia with 4 long setae 
prolaterally, 5 slender spines retrolaterally, with spine | longest, 
spines II Ill equal length (Figure 50D), conductor thin, triangular 
(Figure 50B), (tibia with 3 long setae prolaterally, 1 long setae 
and 5 spines retrolaterally, with spine | strongest, tip 





Figure 48 Leptonetela gubin sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor, 
MA: median apophysis. 
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Figure 49 Leptonetela gubin sp. nov., one of the paratype females 


dorsal view. At: atrium; SS: spermathecae stalk; SH: spermathecae. 


; C: Spermathecae, 


ventral view; 


, 


A: Habitus, dorsal view; B: Habitus 
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Figure 50 Leptonetela lujia sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view: C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor; 
MA: median apophysis. 
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Figure 51 Leptonetela lujia sp. nov., one of the paratype females 
A: Habitus, dorsal view; B: Habitus, ventral view; C: Spermathecae, dorsal view. At: atrium; SS: spermathecae stalk; SH: spermathecae. 
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asymmetrically bifurcated, conductor broad, distal edge 
undulate in L. jinsha; tibia with 3 long setae prolaterally, 6 
slender spines retrolaterally, with spine | longest, conductor 
semicircular in L. quinquespinata, embolus bifurcated, tibia with 
5 slender spines prolaterally, 5 slender spines retrolaterally, 
conductor triangular in L. xinhua Wang 8 Li sp. nov.; tibia with 
4 slender spines prolaterally, 5 slender spines retrolaterally, 
spines l, Il equal length, cymbium with 2 long, curved spines on 
earlobe-shaped process retrolaterally, conductor semicircular in 
L. gubin Wang & Li sp. nov); from L. gubin and L. 
quinquespinata by the slightly swollen base of the median 
apophysis (Figure 50B) (base of median apophysis distinctly 
swollen, 4 times the width of tip in L. gubin Wang 8 Li sp. nov.; 
3 times in L. quinquespinata). 


Description. Male (holotype). Total length 1.72 (Figure 50A). 
Carapace 0.90 long, 0.85 wide. Opisthosoma 0.87 long, 0.88 
wide. Carapace yellow. Ocular area with a pair of setae, eye 
absent. Median groove needle-shaped, cervical grooves and 
radial furrows indistinct. Clypeus 0.12 high. Opisthosoma 
yellowish, ovoid. Leg measurements: | 7.75 (2.10, 0.37, 2.23, 
1.78, 1.27); Il 6.97 (1.96, 0.37, 1.86, 1.62, 1.16); III 5.73 (1.62, 
0.32, 1.50, 1.32, 0.97); IV 7.15 (2.02, 0.30, 1.92, 1.80, 1.11). 
Male pedipalp (Figure 50C-D): tibia with 4 long spines 
prolaterally, 5 large spines retrolaterally, with spine | longest, 
spines Il Ill equal length. Cymbium not constricted medially, 
earlobe-shaped process distinct. Embolus triangular, prolateral 
lobe indistinct. Median apophysis index finger like. Conductor 
thin, triangular in ventral view (Figure 50B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
1.70 (Figure 51A-B). Carapace 0.85 long, 0.75 wide. 
Opisthosoma 0.87 long, 0.83 wide. Clypeus 0.12 high. Leg 
measurements: | 6.89 (1.85, 0.37, 1.97, 1.50, 1.20); Il 5.94 
(1.67, 0.35, 1.62, 1.25, 1.05); Ill 5.30 (1.48, 0.35, 1.38, 1.22, 
0.87); IV 6.47 (1.86, 0.37, 1.70, 1.46, 1.08). Vulva (Figure 51C): 
spermathecae coiled, atrium triangular. 


Distribution. China (Guizhou). 


Leptonetela xinhua Wang & Li sp. nov. 
Figures 52—53, 97 


Type material. Holotype: male (IZCAS), nameless Cave, 
N27.85?, E111.31?, Caojia Town, Xinhua County, Loudi City, 
Hunan Province, China, 24 March 2016, Y. Li & Z. Chen leg. 
Paratypes: 3 males and 2 females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. jinsha Lin & Li, 
2010, L. quinquespinata (Chen 8 Zhu, 2008), L. lujia Wang 8 Li 
sp. nov. and L. gubin Wang & Li sp. nov., but can be 
distinguished by the bifurcated embolus, male pedipalpal tibia 
with 5 slender spines prolaterally, 5 slender spines retrolaterally, 
conductor triangular (Figure 52D), (tibia with 4 long setae 
prolaterally, 5 slender spines retrolaterally, with spine | longest, 


spines Il Ill equal length, conductor thin, triangular in L. lujia 
Wang & Li sp. nov.; tibia with 3 long setae prolaterally, 1 long 
seta and 5 spines retrolaterally, with spine | strongest, tip 
asymmetrically bifurcated, conductor broad, distal edge 
undulate in L. jinsha; tibia with 3 long setae prolaterally, 6 
slender spines retrolaterally, with spine | longest, conductor 
semicircular in L. quinquespinata; tibia with 4 slender spines 
prolaterally, 5 slender spines retrolaterally, with spines I, Il equal 
length, cymbium with 2 long, curved spines on earlobe-shaped 
process retrolaterally, conductor semicircular in L. gubin Wang & 
Li sp. nov.); from L. gubin and L. quinquespinata by the base of 
median apophysis slightly swollen (Figure 52B) (base of median 
apophysis distinctly swollen, 4 times the width of tip in L. gubin 
Wang & Li sp. nov.; 3 times in L. quinquespinata). 


Description. Male (holotype): total length 1.78 (Figure 52A). 
Prosoma 0.85 long, 0.71 wide. Opisthosoma 0.94 long, 0.73 
wide. Prosoma yellowish. Ocular area with a pair of setae, six 
eyes. Median groove needle-shaped, brown. Cervical grooves 
and radial furrows indistinct. Clypeus 0.14 high, slightly sloped 
anteriorly. Opisthosoma pale brown, ovoid, covered with short 
hairs, lacking distinct pattern. Sternum and legs yellowish. Leg 
measurements: | 5.39 (1.52, 0.28, 1.58, 1.20, 0.81); Il 4.37 
(1.28, 0.29, 1.28, 1.01, 0.51); Ill 3.84 (1.03, 0.25, 0.98, 0.95, 
0.63); IV5.15 (1.36, 0.27, 1.50, 1.23, 0.79). Male pedipalp 
(Figure 52C-D): tibia with 5 slender spines prolaterally, 5 
slender spines retrolaterally. Cymbium with an earlobe-shaped 
process retrolaterally. Embolus bifurcated, prolateral lobe 
triangular. Median apophysis tongue shaped in prolateral view. 
Conductor triangular in ventral view (Figure 52B). 


Female (one of the paratypes): similar to male in color and 
general features, but with a larger body size and shorter legs. 
Total length 1.95 (Figure 53A-B). Prosoma 0.66 long, 0.53 wide. 
Opisthosoma 1.06 long, 0.86 wide. Clypeus 0.20 high. Leg 
measurements: | 4.60 (1.30, 0.27, 1.33, 0.99, 0.71); Il 3.86 
(1.11, 0.25, 1.01, 0.85, 0.64); III 3.34 (0.95, 0.24, 0.83, 0.76, 
0.56): IV 4.54 (1.33, 0.26, 1.25, 1.03, 0.67). Vulva (Figure 53C): 
spermathecae coiled, atrium fusiform. 


Distribution. China (Hunan). 


Leptonetela kangsa Wang 8 Li sp. nov. 
Figures 54--55, 97 


Type material. Holotype: male (IZCAS), Kangsagulie Cave, 
N26.79?, E108.21°, Datang, Geyi Town, Taijiang County, Kaili 
City, Guizhou Province, China, 5 December 2011, H. Chen 8 Z. 
Zha leg. Paratypes: 7 males and 6 females, same data as 
holotype. 


Etymology. The specific name refers to the type locality; noun. 
Diagnosis. This new species is similar to L. shibingensis and L. 
wuming Wang & Li sp. nov., but can be distinguished by the 


median apophysis index finger-like in prolaterally view, tip 
bifurcated (Fig. 54D ) (median apophysis small, triangular in 
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Figure 52 Leptonetela xinhua sp. nov., holotype male 
A: Habitus, dorsal view, B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor; 
MA: median apophysis. 
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Figure 53 Leptonetela xinhua sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 54 Leptonetela kangsa sp. nov., holotype male 
A: Habitus, dorsal view, B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor; 
MA: median apophysis. 
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Figure 55 Leptonetela kangsa sp. nov., one of the paratype females 
A: Habitus, dorsal view; B: Habitus, ventral view; C: Spermathecae, dorsal view. At: atrium; SS: spermathecae stalk; SH: spermathecae. 
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ventral view in L. shibingensis, median apophysis like victory gesture, 
"V" shaped in L. wuming Wang & Li sp. nov.) from L. wuming Wang 
4 Li sp. nov., by the tibia | spine located at the middle of tibia, 
embolus with 1 basal tooth (tibia | spine located at the base of tibia, 
embolus without tooth in L. wuming Wang & Li sp. nov.). 


Description. Male (holotype). Total length 2.07 (Figure 54A). 
Carapace 0.85 long, 0.87 wide. Opisthosoma 1.25 long, 0.92 
wide. Carapace yellow. Eyes six, PME reduced to white spots. 
Median groove needle-shaped, cervical grooves and radial 
furrows indistinct. Clypeus 0.12 high. Opisthosoma gray, ovoid. 
Leg measurements: | 9.04 (2.50, 0.37, 2.65, 2.10, 1.42); Il 7.43 
(2.10, 0.36, 2.05, 1.70, 1.22); IIl 6.23 (1.77, 0.37, 1.60, 1.47, 1.02); 
IV 8.09 (2.22, 0.35, 2.27, 2.00, 1.25). Male pedipalp (Figure 
54C-D): tibia with 4 long setae prolaterally, 5 large spines 
retrolaterally, with | spine strong, located medially. Cymbium 
constricted medially, attaching an earlobe-shaped process 
retrolaterally. Embolus triangular, bearing a basal tooth, 
prolateral lobe oval. Median apophysis index finger-like in 
prolateral view, tip bifurcated. Conductor bamboo leaf-shaped in 
ventral view (Figure 54B). 


Female (one of the paratypes). Similar to male in color and 
general features, but smaller and with shorter legs. Total length 
2.02 (Figure 55A-B). Carapace 0.72 long, 0.72 wide. 
Opisthosoma 1.27 long, 1.02 wide. Clypeus 0.15 high. Leg 
measurements: | 7.61 (2.07, 0.35, 2.25, 1.72, 1.22); Il 6.23 
(1.72, 0.35, 1.72, 1.37, 1.07); Ill 5.41 (1.62, 0.32, 1.35, 1.22, 
0.90); IV 6.92 (1.80, 0.35, 2.00, 1.65, 1.12). Vulva (Figure 55C): 
spermathecae coiled, atrium fusiform. 


Distribution. China (Guizhou). 


Leptonetela wuming Wang & Li sp. nov. 
Figures 56-57, 97 


Type material. Holotype: male (IZCAS), Wuming Cave, 
N25.43°, E105.62°, Dabei Town, Zhenfeng County, Guizhou 
Province, China, 18 July 2012, H. Zhao leg. Paratypes: 2 
males and 5 females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. kangsa Wang 8 Li 
sp. nov., and L. shibingensis but can be distinguished by the 
male pedipalpal bulb embolus without basal tooth (Figure 56B), 
(embolus with basal tooth in the two species mentioned above); 
from L. kangsa Wang 8 Li sp. nov. and L. shibingensis by the 
tibia spine | located at the base of the tibia (Figure 56D) (tibia 
spine | located medially in L. kangsa Wang 8 Li sp. nov. and L. 
shibingensis). 


Description. Male (holotype). Total length 1.50 (Figure 56A). 
Carapace 0.60 long, 0.45 wide. Opisthosoma 1.10 long, 0.60 
wide. Carapace yellowish. Ocular area with a pair of setae, PLE, 
PME absent, ALE reduced to white spots. Median groove needle- 
shaped, cervical grooves and radial furrows indistinct. Clypeus 
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0.09 high. Opisthosoma yellowish, ovoid. Leg measurements: | 
11.75 (3.12, 0.35, 3.40, 2.88, 2.00); Il 9.35 (2.75, 0.35, 2.48, 2.49, 
1.28); Ill 8.47 (2.80, 0.32, 2.30, 1.96, 1.09); IV 9.81 (2.81, 0.35, 
2.72, 2.56, 1.37). Male pedipalp (Figure 56C-D): tibia with 3 long 
setae prolaterally, 5 large spines retrolaterally, with spine | strong, 
longest. Cymbium constricted medially, attached to an earlobe- 
shaped process retrolaterally. Embolus triangular, prolateral lobe 
oval. Median apophysis like victory gesture, “V” shaped. 
Conductor bamboo leaf-shaped in ventral view (Figure 56B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
3.02 (Figure 57A-B). Carapace 1.25 long, 0.90 wide. 
Opisthosoma 2.45 long, 1.38 wide. Clypeus 0.09 high. Leg 
measurements: | 8.67 (2.44, 0.33, 2.50, 2.01, 1.39); Il 7.29 
(2.10, 0.33, 2.08, 1.65, 1.13); Ill 7.22 (2.08, 0.35, 2.03, 1.63, 
1.13); IV 7.30 (2.51, 0.33, 1.85, 1.56, 1.05). Vulva (Figure 57C): 
spermathecae coiled, atrium triangular. 


Distribution. China (Guizhou). 


Leptonetela shanji Wang & Li Wang & Li sp. nov. 
Figures 58-59, 97 


Type material. Holotype: male (IZCAS), Shanji Cave, N27.28°, 
E107.82°, Xiaguihua, Xiaosai Town, Yuging County, Zunyi City, 
Guizhou Province, China, 15 August 2012, H. Zhao leg. 
Paratypes: 3 males and 3 females, same data as holotype; 2 
females, Guanyin Cave, N27.32°, E107.71°, Hongjun, Longxi 
Town, Yuqing County, Zunyi City, Guizhou Province, China, 15 
August 2012, H. Zhao leg; 3 females, Liangfeng Cave, N27.27?, 
E107.76°, Xiaosai Town, Yuging County, Zunyi City, Guizhou 
Province, China, 14 August 2012, H. Zhao leg. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. digitata Lin 8 Li, 
2010, L. hamata Lin 8 Li, 2010 and L. tetracantha Lin 8 Li, 2010, 
but can be distinguished by the male pedipalpal tibia spine l 
strong, located medially (Figure 58D) (tibia spine | slender, 
located at the base of tibia in all above); from L. hamata and L. 
tetracantha by the male pediapal tibia spine | asymmetrically 
bifurcated (Figure 58D) (tibia spine | not bifurcated in L. hamata, 
and L. tetracantha); from L. digitata by the median apophysis not 
curved (median apophysis curved in L. digitata). 


Description. Male (holotype). Total length 2.08 (Figure 58A). 
Carapace 0.90 long, 0.95 wide. Opisthosoma 1.10 long, 0.83 
wide. Carapace yellow. Ocular area with a pair of setae, six 
eyes. Median groove needle-shaped, cervical grooves and 
radial furrows indistinct. Clypeus 0.13 high. Opisthosoma gray, 
ovoid. Leg measurements: | 8.54 (2.25, 0.38, 2.50, 2.03, 1.38); 
11 6.89 (1.88, 0.38, 1.88, 1.60, 1.15); III 5.70 (1.55, 0.35, 1.47, 
1.35, 0.98); IV 7.59 (2.03, 0.38, 2.13, 1.88, 1.17). Male pedipalp 
(Figure 58C-D): tibia with 4 long spines prolaterally, 5 spines 
retrolaterally, with | spine strong, asymmetrically bifurcated and 
located at the base of tibia. Cymbium constricted medially, 
attached to an earlobe-shaped process retrolaterally. Embolus 





Figure 56 Leptonetela wuming sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view, D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor; 
MA: median apophysis. 
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Figure 57 Leptonetela wuming sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 58 Leptonetela shanji sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor; 
MA: median apophysis. 
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Figure 59 Leptonetela shanji sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 60 Leptonetela xiaoyan sp. nov., holotype male 
A: Habitus, dorsal view; B: Right palpal bulb, ventral view; C: Right palp, retrolateral view; D: Right palp, prolateral view. PL: prolateral lobe: E: embolus; 
C: conductor; MA: median apophysis. 
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Figure 61 Leptonetela xiaoyan sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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triangular, bearing a small basal tooth, prolateral lobe oval. 
Median apophysis index finger like in prolateral view, tapering. 
Conductor bamboo leaf-shaped in ventral view (Figure 58B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.40 (Figure 59A-B). Carapace 0.95 long, 0.88 wide. 
Opisthosoma 1.38 long, 1.25 wide. Clypeus 0.13 high. Leg 
measurements: | 7.97 (2.13, 0.38, 2.38, 1.75, 1.33); Il 6.36 
(1.75, 0.35, 1.75, 1.38, 1.13); Ill 5.31 (1.45, 0.35, 1.38, 1.25, 
0.88): IV 7.18 (1.95, 0.38, 2.00, 1.70, 1.15). Vulva (Figure 59C): 
spermathecae coiled, atrium fusiform. 


Distribution. China (Guizhou). 


Leptonetela xiaoyan Wang 8 Li sp. nov. 

Figures 60-61, 97 

Type material. Holotype: male (IZCAS), Gejiaxiaoyan Cave, 
N27.11°, E105.24°, Shanjiao, Zhuchang Town, Bijie City, Guizhou 
Province, China, 27 January 2011, H. Chen 4 Z. Zha leg. 
Paratypes: 2 males and 6 females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. curvispinosa Lin & 
Li, 2010, but can be distinguished by the male pedipalpal tibia 
with 4 large spines prolaterally, 6 large spines retrolaterally 
(Figure 60D), median apophysis not sclerotized, little finger- 
shaped in prolateral view, conductor broad C tile-shaped 
(Figure 60B) (tibia with 3 large spines prolaterally, 5 large 
spines retrolaterally, median apophysis absent, conductor 
reduced in L. curvispinosa). 


Description. Male (holotype). Total length 1.67 (Figure 60A). 
Carapace 0.88 long, 0.80 wide. Opisthosoma 1.15 long, 0.75 
wide. Carapace yellowish. Six eyes. Median groove, cervical 
grooves and radial furrows indistinct. Clypeus 0.10 high. 
Opisthosoma yellowish, ovoid. Leg measurements: | 9.96 (2.84, 
0.35, 2.80, 2.40, 1.57); Il 7.09 (2.02, 0.32, 2.00, 1.60, 1.15); III 
6.38 (1.77, 0.32, 1.82, 1.47, 1.00), IV 7.89 (2.25, 0.35, 2.27, 
1.85, 1.17). Male pedipalp (Figure 60C-D): tibia with 4 spines 
prolaterally and 6 spines retrolaterally, with | spine longest. 
Cymbium not constricted, prolaterally with one curved spine on 
the base. Embolus triangular, prolateral lobe oval. Median 
apophysis slightly sclerotized, fingerlike in prolateral view. 
Conductor broad, C tile-shaped in ventral view (Figure 60B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.12 (Figure 61A-B). Carapace 0.82 long, 0.82 wide. 
Opisthosoma 1.47 long, 1.12 wide. Clypeus 0.15 high. Leg 
measurements: | 9.79 (2.62, 0.35, 3.03, 2.22, 1.57); Il 6.84 
(1.90, 0.30, 1.97, 1.47, 1.20); Ill 5.53 (1.52, 0.32, 1.52, 1.27, 
0.90); IV 7.36 (2.07, 0.35, 1.97, 1.72, 1.25). Vulva (Figure 61C): 
spermathecae coiled, atrium triangular, anterior margin of 
atrium covered with short hairs. 


Distribution. China (Guizhou). 


Leptonetela huoyan Wang & Li sp. nov. 
Figures 62—63, 97 


Type material. Holotype: male (IZCAS), Heyuantou nameless 
Cave, N29.25°, E109.35°, Huoyan Street, Guitang Dam Town, 
Longshan County, Hubei Province, China, 15 January 2014, Y. 
Li & Y. Lin leg. Paratypes: 1 male and 2 females, same data as 
holotype; 1 male and 4 females, nameless Cave, N29.61°, 
E109.17? Jieping, Xianfeng County, Enshi Tujia and Miao 
Autonomous Prefecture, Hubei Province, China, 17 January 
2014, Y. Li & Y. Lin leg. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. anshun Lin 8 Li, 
2010 and L. chenjia Wang & Li sp. nov., but can be 
distinguished by on the male pedipalpal bulb median apophysis 
slightly sclerotized, index finger like, conductor broad, 
semicircular (Fig 62B) (median apophysis absent in L. anshun, 
and L. chenjia Wang 8 Li sp. nov.; tip of conductor bifurcated in 
L. anshun, conductor reduced in L. chenjia Wang 8 Li sp. nov.); 
from L. anshun by the tibia spine | slender (Figure 62D) (tibia 
spine | strong, tip bifurcated in L. anshun). 


Description. Male (holotype). Total length 2.25 (Figure 62A). 
Carapace 0.88 long, 0.83 wide. Opisthosoma 1.50 long, 0.92 
wide. Carapace yellow. Eye absent. Median groove, cervical 
groove and radial furrows indistinct. Clypeus 0.13 high. 
Opisthosoma gray, ovoid. Leg measurements: | 8.90 (2.53, 0.40, 
2.57, 2.00, 1.40); Il 7.69 (2.38, 0.40, 2.13, 1.65, 1.13); III 6.51 
(2.00, 0.38, 1.75, 1.50, 0.88); IV 7.73 (2.25, 0.40, 2.15, 1.78, 
1.15). Male pedipalp (Figure 62C-D): tibia with 4 long setae 
prolaterally, 1 long seta and 5 spines retrolaterally, with spine | 
longest, distant from others, the rest of the spines concentrated 
distally. Cymbium constricted medially, attached to an earlobe- 
shaped process retrolaterally. Embolus triangular, prolateral 
lobe absent. Median apophysis slightly sclerotized, index finger 
like. Conductor broad, semicircular in ventral view (Figure 62B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.53 (Figure 63A-B). Carapace 0.93 long, 0.82 wide. 
Opisthosoma 1.63 long, 1.38 wide. Clypeus 0.15 high. Leg 
measurements: | 8.26 (2.38, 0.38, 2.32, 1.88, 1.30); Il 7.28 
(2.05, 0.35, 2.00, 1.63, 1.25); Ill 6.47 (1.93, 0.35, 1.62, 1.47, 
1.10); IV 7.54 (2.20, 0.38, 2.08, 1.75, 1.13). Vulva (Figure 63C): 
spermathecae coiled, atrium fusiform. 


Distribution. China (Hubei). 


Leptonetela liuguan Wang & Li sp. nov. 
Figures 64—65, 97 


Type material. Holotype: male (IZCAS), Liuguan Cave, 
N26.15°, E106.46°, Mengqiu, Baiyunshan Town, Changshun 
County, Guizhou Province, China, 23 December 2010, Z. Zha & 
Z. Chen leg. Paratypes: 2 female, same data as holotype; 1 
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Figure 62 Leptonetela huoyan sp. nov., holotype male 
A: Habitus, dorsal view, B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor; 
MA: median apophysis. 
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Figure 63 Leptonetela huoyan sp. nov., one of the paratype females 
A: Habitus, dorsal view; B: Habitus, ventral view; C: Spermathecae, dorsal view. At: atrium; SS: spermathecae stalk; SH: spermathecae. 
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Figure 64 Leptonetela liuguan sp. nov., holotype male 
A: Habitus, dorsal view, B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe: E: embolus; C: conductor, 
MA: median apophysis. 
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Figure 65 Leptonetela liuguan sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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male, Fenghuang Cave, N26.09°, E106.39°, Shenglian, Zhonghuo 
Town, Changshun County, Guizhou Province, China, 23 December 
2010, Z. Zha & Z. Chen leg. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. penevi Wang 8 Li, 
2016 and L. changtu Wang 8 Li sp. nov. but can be 
distinguished by on the male pedipalpal bulb median apophysis 
long, and half the length of bulb (Figure 64B) (median 
apophysis short, 1/5 the length of bulb in L. palmate, and L. 
changtu Wang & Li sp. nov.); male pedipalpal tibia spines 
slender, equally strong (Figure 64D) (tibia spines | Il equally 
strong, stronger than other spines in L. penevi, tibia spines | II lll 
equally strong, stronger than other spines in L. changtu Wang & 
Li sp. nov.). 


Description. Male (holotype). Total length 1.88 (Figure 64A). 
Carapace 0.73 long, 0.75 wide. Opisthosoma 1.10 long, 0.88 
wide. Carapace yellowish. Eyes absent. Median groove, cervical 
grooves and radial furrows indistinct. Clypeus 0.13 high. 
Opisthosoma gray, ovoid. Leg measurements: | 8.93 (2.38, 0.40, 
2.64, 2.13, 1.38); Il 7.84 (2.13, 0.40, 2.23, 1.78, 1.30); Ill 6.56 
(1.75, 0.38, 1.80, 1.63, 1.00): IV 8.04 (2.25, 0.40, 2.18, 1.88, 
1.33). Male pedipalp (Figure 64C-D): tibia with 3 long setae 
prolaterally, 5 slender spines retrolaterally, the spines slim 
equally strong. Embolus triangular, prolateral lobe absent. Teeth 
of median apophysis reduced to sclerotized spots, conductor 
and median apophysis long, equal length and half the length of 
bulb (Figure 64C). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.08 (Figure 65A-B). Carapace 0.75 long, 0.75 wide. 
Opisthosoma 1.50 long, 0.88 wide. Clypeus 0.15 high. Leg 
measurements: | 7.81 (2.13, 0.38, 2.30, 1.75, 1.25), Il 6.89 
(1.88, 0.38, 2.00, 1.50, 1.13), Ill 5.97 (1.70, 0.38, 1.63, 1.38, 
0.88): IV 7.27 (2.03, 0.38, 2.05, 1.63, 1.18). Vulva (Figure 65C): 
spermathecae coiled, atrium fusiform, anterior margin of atrium 
undulate. 


Distribution. China (Guizhou). 


Leptonetela nanmu Wang & Li sp. nov. 
Figures 66-67, 97 


Type material. Holotype: male (IZCAS), Nanmu Cave, N28.10°, 
E110.08°, Pushi Town, Luxi County, Hunan Province, China, 5 
April 2016, Y. Li 4 Z. Chen leg. Paratypes: 3 males and 2 
females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 
Diagnosis. This new species is similar to L. tianxingensis, but 
can be distinguished by on the male pedipalpal bulb conductor 


longer than median apophysis (Figure 66B) (conductor shorter 
than median apophysis in L. tianxingensis); male pedipalpal 
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tibia Ill spine strong (Figure 66D) (tibia Ill spine slender in L. 
tianxingensis). 


Description. Male (holotype): total length 1.70 (Figure 66A). 
Prosoma 0.81 long, 0.63 wide. Opisthosoma 0.94 long, 0.70 
wide. Prosoma yellow. Six eyes, with a pair of setae on ocular 
area. Median groove needle-shaped, brown. Cervical grooves 
and radial furrows indistinct. Clypeus 0.14 high, slightly sloped 
anteriorly. Opisthosoma pale brown, ovoid, covered with short 
hairs, lacking distinctive pattern. Sternum and legs yellowish. 
Leg measurements: | 5.45 (1.42, 0.26, 1.62, 1.27, 0.88); Il 4.76 
(1.24, 0.25, 1.20, 1.27, 0.80); Ill 4.12 (1.03, 0.23, 1.02, 0.95, 
0.89); IV 5.60 (1.36, 0.22, 1.48, 1.27, 1.27). Male pedipalp 
(Figure 66C-D): tibia with 5 spines retrolaterally, with | spine 
strongest, tip bifurcated, spine Il slender, spine Ill strong. 
Embolus triangular, prolateral lobe oval. Median apophysis 
slightly sclerotized, thumb-shaped in ventral view. Conductor 
triangular, longer than median apophysis (Figure 66B). 


Female (one of the paratypes): similar to male in color and 
general features, but with a larger body size and longer legs. 
Total length 1.98 (Figure 67A—B). Prosoma 0.88 long, 0.79 wide. 
Opisthosoma 1.12 long, 1.03 wide. Clypeus 0.20 high. Leg 
measurements: | 5.63 (1.52, 0.28, 1.68, 1.30, 0.85), Il 4.86 
(1.44, 0.27, 1.33, 0.86, 0.96); Ill 4.21 (1.31, 0.21, 1.06, 0.99, 
0.64); IV 5.23 (1.47, 0.25, 1.50, 1.20, 0.81). Vulva (Figure 67C): 
spermathecae coiled, atrium triangular. 


Distribution. China (Hunan). 


Leptonetela changtu Wang & Li sp. nov. 
Figure 68-69, 97 


Type material. Holotype: male (IZCAS), Changtu Cave, N27.14°, 
E105.43°, Honglin, Qianxi Town, Bijie County, Guizhou Province, 
China, 23 November 2011, Z. Zha & Z. Zha leg. Paratypes: 1 
male and 10 females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. penevi Wang & Li, 
2016 and L. liuguan Wang & Li sp. nov. but can be 
distinguished by the male pedipalpal tibia spines |, Il, Ill 
equally strong, stronger than other two spines (Figure 68C) 
(tibia spines | and Il equally strong, stronger than other spines 
in L. penevi, tibial spines slender, equally strong in L. liuguan 
Wang 8 Li sp. nov.); from L. liuguan Wang & Li sp. nov. by 
median apophysis short, 1/5 the length of bulb (Figure 68B) 
(median apophysis long, half the length of bulb in L. liuguan 
Wang & Li sp. nov.); from L. penevi by the cymbium not 
constricted (cymbium constricted medially in L. penevi). 


Description. Male (holotype). Total length 2.33 (Figure 68A). 
Carapace 1.06 long, 1.03 wide. Opisthosoma 1.38 long, 1.08 
wide. Carapace yellowish. Ocular area with a pair of setae, 
eyes absent. Median groove needle-shaped, cervical grooves 





Figure 66 Leptonetela nanmu sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor; 
MA: median apophysis. 
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Figure 67 Leptonetela nanmu sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 68 Leptonetela changtu sp. nov., holotype male 
A: Habitus, dorsal view; B: Right palpal bulb, ventral view; C: Right palp, retrolateral view; D: Right palp, prolateral view. PL: prolateral lobe: E: embolus; 
C: conductor; MA: median apophysis. 
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Figure 69 Leptonetela changtu sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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and radial furrows indistinct. Clypeus 0.14 high. Opisthosoma 
pale yellow, ovoid, with brown spots. Leg measurements: | 
10.02 (2.69, 0.39, 2.91, 2.38, 1.65); Il 8.75 (2.37, 0.38, 2.49, 
2.08, 1.43); III 7.53 (2.15, 0.38, 1.98, 1.77, 1.25); IV 9.20 (2.56, 
0.38, 2.50, 2.26, 1.50). Male pedipalp (Figure 68C—D): tibia with 
5 large spines retrolaterally, tibia spine | longest, spines | and II 
equally strong, stronger than others. Cymbium not constricted. 
Embolus triangular, prolateral lobe oval. Median apophysis 
palm-shaped, teeth of median apophysis reduced to sclerotized 
spots. Conductor semicircular (Figure 68B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.70 (Figure 69A-B). Carapace 1.10 long, 0.88 wide. 
Opisthosoma 1.72 long, 1.48 wide. Clypeus 0.20 high. Leg 
measurements: | 9.10 (2.54, 0.43, 2.66, 1.98, 1.49); Il 7.73 
(2.21, 0.41, 2.21, 1.67, 1.23); Ill 6.85 (1.99, 0.40, 1.88, 1.50, 
1.08); IV 8.22 (2.38, 0.41, 2.28, 1.88, 1.27). Vulva (Figure 69C): 
spermathecae coiled, atrium triangular. 


Distribution. China (Guizhou). 


Leptonetela lianhua Wang & Li sp. nov. 
Figures 70-71, 97 


Type material. Holotype: male (IZCAS), Lianhua Cave, N25.48°, 
E114.09°, Niedou Town, Chongyi County, Jiangxi Province, 
China, 24 April 2013, Y. Luo & J. Liu leg. Paratypes: 3 males 
and 10 females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. niubizi Wang & Li 
sp. nov. but can be distinguished by the male pedipalpal tibia 
with 5 spines retrolaterally, with | spine strongest, tip bifurcated, 
the other 4 spines slender, 2 of them longer than | spine (Figure 
70D); tip of median apophysis with 5 small teeth, and 1 ox horn- 
shaped large teeth (Figure 70B) (tibia with 5 slender spines 
retrolaterally, spine | longest, not bifurcated, median apophysis 
antler-like, tip with 7 small teeth in L. niubizi Wang & Li sp. 
nov.). 


Description. Male (holotype). Total length 2.00 (Figure 70A). 
Carapace 0.87 long, 0.70 wide. Opisthosoma 1.00 long, 0.87 
wide. Carapace yellow. Ocular area with a pair of setae, six 
eyes. Median groove needle-shaped, cervical grooves and 
radial furrows indistinct. Clypeus 0.13 high. Opisthosoma brown, 
ovoid. Leg measurements: | 9.69 (2.62, 0.25, 3.20, 2.37, 1.25); 
11 7.05 (2.00, 0.25, 2.10, 1.70, 1.00); Ill 5.70 (1.62, 0.22, 1.62, 
1.37, 0.87); IV 7.45 (2.10, 0.25, 2.25, 1.75, 1.10). Male pedipalp 
(Figure 70C-D): tibia with 3 long setae prolaterally, and 5 
spines retrolaterally, with spine | strongest, tip bifurcated, and 
the other 4 spines slender, 2 of them longer than spine I. 
Cymbium constricted medially, attached to an earlobe-shaped 
process retrolaterally. Embolus triangular, prolateral lobe absent. 
Tip of median apophysis with 5 small teeth, and 1 horn-shaped 


large teeth. Conductor broad C tile-shaped in ventral view (Figure 
70B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.25 (Figure 71A-B). Carapace 1.25 long, 0.95 wide. 
Opisthosoma 1.25 long, 0.75 wide. Clypeus 0.15 high. Leg 
measurements: | 8.02 (2.12, 0.30, 2.50, 1.75, 1.35); Il 6.02 
(1.65, 0.25, 1.75, 1.37, 1.00); Ill 5.07 (1.35, 0.27, 1.50, 1.20, 
0.75): IV 6.85 (2.00, 0.30, 1.95, 1.50, 1.10). Vulva (Figure 71C): 
spermathecae slender, coiled and atrium triangular. 


Distribution. China (Jiangxi). 


Leptonetela niubizi Wang & Li sp. nov. 
Figures 72-73, 97 


Type material. Holotype: male (IZCAS), Niubizi Cave, N27.62°, 
E106.67°, Leshan Town, Zunyi County, Zunyi City, Guizhou 
Province, China, 1 August 2012, H. Zhao leg. Paratypes: 7 
females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 
Diagnosis. This new species is similar to L. lianhua Wang & Li 
sp. nov. but can be distinguished by the male pedipalp tibia 
with 5 slender spines retrolaterally spine | longest, not 
bifurcated (Figure 72C), median apophysis antler-like, distal 
edge with 7 small teeth (Figure 72B) (tibia with 5 spines 
retrolateral, spine | strongest, tip bifurcated, the other 4 spines 
slender, 2 of them longer than spine |; tip of median apophysis 
decorated with 5 small teeth, and 1 horn-shaped large teeth in L. 
lianhua Wang & Li sp. nov.). 


Description. Male (holotype). Total length 2.53 (Figure 72A). 
Carapace 0.95 long, 0.83 wide. Opisthosoma 1.58 long, 1.13 
wide. Carapace yellowish. Ocular area with a pair of setae, 
eyes absent. Median groove needle-shaped, cervical grooves 
and radial furrows indistinct. Clypeus 0.15 high. Opisthosoma 
gray, ovoid. Leg measurements: | 9.29 (2.56, 0.38, 2.63, 2.19, 
1.53); Il 8.63 (2.50, 0.38, 2.34, 2.03, 1.38); III 6.94 (2.03, 0.31, 
1.47, 1.75, 1.38); IV - (2.55, 0.38, -, -, -). Male pedipalp (Figure 
72C-D): tibia with 4 long setae prolaterally, 2 long setae and 5 
slender spines retrolaterally, with spine | longest. Cymbium 
constricted medially, attaching a small earlobe-shaped process 
retrolaterally. Embolus triangular, prolateral lobe oval. Median 
apophysis antler-like, distal edge decorated with 7 small teeth. 
Conductor short, C tile-shaped (Figure 72B). 


Female (one of the paratypes). Similar to male in color and 
general features, but with a larger body size and shorter legs. 
Total length 2.60 (Figure 73A-B). Carapace 0.96 long, 0.95 
wide. Opisthosoma 1.60 long, 1.25 wide. Clypeus 0.19 high. 
Leg measurements: | 8.20 (2.34, 0.34, 2.44, 1.75, 1.33); Il 7.46 
(2.25, 0.38, 1.88, 1.65, 1.30); III 6.08 (2.05, 0.30, 1.08, 1.55, 
1.10); IV 8.27 (2.38, 0.38, 2.25, 1.88, 1.38). Vulva (Figure 73C): 
spermathecae coiled, atrium triangular. 


Distribution. China (Guizhou). 


Zoological Research 38(6): 321-448, 2017 413 





Figure 70 Leptonetela lianhua sp. nov., holotype male 
A: Habitus, dorsal view, B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor; 
MA: median apophysis. 


414 www.zoores.ac.cn 





Figure 71 Leptonetela lianhua sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 72 Leptonetela niubizi sp. nov., holotype male 
A: Habitus, dorsal view; B: Right palpal bulb, ventral view; C: Right palp, retrolateral view; D: Right palp, prolateral view. PL: prolateral lobe: E: embolus; 
C: conductor; MA: median apophysis. 
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Figure 73 Leptonetela niubizi sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 74 Leptonetela longyu sp. nov., holotype male 
A: Habitus, dorsal view, B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe: E: embolus; C: conductor, 
MA: median apophysis. 
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Figure 75 Leptonetela longyu sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Leptonetela longyu Wang & Li sp. nov. 
Figures 74--75, 97 


Type material. Holotype: male (IZCAS), Longyu Cave, N29.40°, 
E110.09°, Cili County, Hunan Province, China, 5 June 2011, Z. 
Zha leg. Paratypes: 4 males and 5 females, same data as 
holotype, 5 males and 6 females, Niuerduo Cave, N29.404°, 
E110.73°, Cili County, Hunan Province, China, 9 April 2016, Y. 
Li & Z. Chen leg. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. sexdentata Wang 
& Li, 2011, L. shicheng Wang 8 Li sp. nov., L. zakou Wang 8 Li 
sp. nov. and L. meiwang Wang 8 Li sp. nov. but can be 
distinguished by median apophysis harrow-like, tip with 5 small 
teeth (Figure 74B) (tip of median apophysis with 6 small teeth in 
L. sexdentata and L. zakou Wang 8 Li sp. nov., 5 sharp teeth in 
L. meiwang Wang € Li sp. nov. and 10 in L. shicheng Wang 8 
Li sp. nov.); from L. shicheng Wang 8 Li sp. nov. by the tip of 
conductor undulate (Figure 74B) (tip of conductor smooth in L. 
shicheng Wang & Li sp. nov.); from L. zakou Wang & Li sp. 
nov. by the teeth of median apophysis needle-shaped in L. 
zakou Wang & Li sp. nov.; from L. meiwang Wang 8: Li sp. nov. 
by the tibia spine | strongest, tip asymmetrically bifurcated (tibia 
spine Il strongest in L. meiwang Wang 8 Li sp. nov.). 


Description. Male (holotype). Total length 1.63 (Figure 74A). 
Carapace 1.05 long, 0.75 wide. Opisthosoma 0.88 long, 0.63 
wide. Carapace yellow. Eyes six. Median groove needle-shaped, 
cervical grooves and radial furrows distinct. Clypeus 0.13 high. 
Opisthosoma gray, ovoid. Leg measurements: | 6.28 (1.63, 0.25, 
1.85, 1.55, 1.00); Il 4.89 (1.25, 0.25, 1.38, 1.13, 0.88); Ill 4.13 
(1.10, 0.23, 1.05, 1.00, 0.75); IV 5.63 (1.55, 0.25, 1.50, 1.38, 
0.95). Male pedipalp (Figure 74C-D): tibia with 2 spines 
prolaterally and 5 spines retrolaterally, with spine | strongest, tip 
asymmetrically bifurcated. Cymbium constricted medially, 
attaching a small earlobe-shaped process retrolaterally. Embolus 
triangular, prolateral lobe oval. Median apophysis short, palm- 
shaped, distal edge with 5 small teeth. Conductor C tile-shaped 
in ventral view, tip of conductor undulate (Figure 74B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with longer legs. Total length 
2.05 (Figure 75A-B). Carapace 0.90 long, 0.75 wide. 
Opisthosoma 1.13 long, 0.88 wide. Clypeus 0.12 high. Leg 
measurements: | 6.28 (1.75, 0.25, 1.88, 1.40, 1.00); Il 4.94 
(1.30, 0.25, 1.38, 1.13, 0.88), Ill 4.41 (1.25, 0.23, 1.13, 1.05, 
0.75): IV 5.58 (1.60, 0.25, 1.50, 1.35, 0.88). Vulva (Figure 75C): 
spermathecae coiled, atrium triangular. 


Distribution. China (Hunan). 


Leptonetela shicheng Wang & Li sp. nov. 
Figures 76-77, 97 


Type material. Holotype: male (IZCAS), Shicheng Cave, N27.31 °, 
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E109.07?, Jiangwu, Shanshi Town, Lianhua County, Pingxiang 
City, Jiangxi Province, China, 14 November 2015, Z. Chen 8 G. 
Zhou leg. Paratypes: 2 males and 5 females, same data as 
holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. sexdentata Wang 
8 Li, 2011, L. longyu Wang & Li sp. nov., L. zakou Wang 8 Li 
sp. nov. and L. meiwang Wang 8 Li sp. nov. but can be 
distinguished by the harrow-like median apophysis, with 10 
small teeth distally (Figure 76B) (median apophysis with 6 small 
teeth distally in L. sexdentata and L. zakou Wang 8 Li sp. nov., 
5 in L. longyu Wang 8 Li sp. nov., and L. meiwang Wang 8 Li 
sp. nov.); conductor smooth (Figure 76B) (conductor undulate 
distally in L. sexdentata, L. longyu Wang 8 Li sp. nov., and L. 
zakou Wang 8 Li sp. nov.): from L. zakou Wang 8 Li sp. nov. 
by the teeth of median apophysis needle-shaped in L. zakou 
Wang 8 Li sp. nov.; from L. meiwang Wang 8 Li sp. nov. by 
the tibia spine | strongest, tip asymmetrically bifurcated 
(Figure 76D) (tibia spine II strongest in L. meiwang Wang 8 Li 
sp. nov.). 


Description. Male (holotype). Total length 2.40 (Figure 76A). 
Carapace 1.00 long, 0.73 wide. Opisthosoma 1.12 long, 0.87 
wide. Carapace yellowish. Ocular area with a pair of setae, six 
eyes. Median groove needle-shaped, cervical grooves and 
radial furrows indistinct. Clypeus 0.08 high. Opisthosoma gray, 
ovoid. Leg measurements: | 9.60 (2.60, 0.37, 2.50, 2.48, 1.65), 
ll 7.90 (2.25, 0.30, 2.25, 2.00, 1.40); III 6.87 (1.75, 0.25, 1.87, 
1.75, 1.25): IV 8.92 (2.37, 0.30, 2.50, 2.25, 1.50). Male pedipalp 
(Figure 76C—D): tibia with 2 long setae prolaterally, and 5 
spines retrolaterally, with spine | strongest, tip asymmetrically 
bifurcated. Cymbium constricted medially, attaching a small 
earlobe-shaped process retrolaterally. Embolus triangular, 
prolateral lobe indistinct. Median apophysis harrow-like, with 10 
small teeth distally. Conductor smooth, C tile-shape in ventral 
view (Figure 76B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.60 (Figure 77A-B). Carapace 0.87 long, 0.85 wide. 
Opisthosoma 1.75 long, 1.25 wide. Clypeus 0.15 high. Leg 
measurements: | 8.94 (2.60, 0.37, 2.50, 2.10, 1.37); II 7.10 (2.00, 
0.30, 2.00, 1.65, 1.15); III 5.97 (1.75, 0.25, 1.60, 1.50, 0.87); IV 
7.97 (2.12, 0.35, 2.25, 2.00, 1.25). Vulva (Figure 77C): 
spermathecae coiled, atrium fusiform. 


Distribution. China (Jiangxi). 


Leptonetela zakou Wang & Li sp. nov. 
Figures 78-79, 97 


Type material. Holotype: male (IZCAS), Zakou Cave, N29.35°, 
E109.58?, Hongyanxi Town, longshan City, Hunan Province, 
China, 10 January 2016, Z. Chen & Z. Wang leg. Paratypes: 3 
males and 5 females, same data as holotype. 





Figure 76 Leptonetela shicheng sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view, D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor; 
MA: median apophysis. 
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Figure 77 Leptonetela shicheng sp. nov., one of the paratype females 
A: Habitus, dorsal view; B: Habitus, ventral view; C: Spermathecae, dorsal view. At: atrium; SS: spermathecae stalk; SH: spermathecae. 
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Figure 78 Leptonetela zakou sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view: C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe: E: embolus; C: conductor, 
MA: median apophysis. 
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Figure 79 Leptonetela zakou sp. nov., one of the paratype females 
A: Habitus, dorsal view; B: Habitus, ventral view; C: Spermathecae, dorsal view. At: atrium; SS: spermathecae stalk; SH: spermathecae. 
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Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. sexdentata Wang 
8 Li, 2011, L. longyu Wang 8 Li sp. nov., L. shicheng Wang 8: 
Li sp. nov., and L. meiwang Wang 8 Li sp. nov. but can be 
distinguished by on the male pedipalpal bulb median apophysis 
with 6 teeth, needle-shaped (Figure 78B) (median apophysis 
with 5 small teeth distally in L. longyu Wang 8 Li sp. nov., 5 
sharp teeth in L. meiwang Wang & Li sp. nov., and 10 in L. 
shicheng Wang 8 Li sp. nov.,); from L. shicheng Wang 8: Li sp. 
nov. by the distally undulate conductor (Figure 78B) (conductor 
smooth in L. shicheng Wang 8 Li sp. nov.): from L. meiwang 
Wang & Li sp. nov. by the tibia | spine strongest, tip 
asymmetrically bifurcated (Figure 78D) (tibia Il spine strongest 
in L. meiwang Wang & Li sp. nov.). 


Description. Male (holotype). Total length 1.75 (Figure 78A). 
Carapace 0.87 long, 0.87 wide. Opisthosoma 1.00 long, 0.87 
wide. Carapace yellowish. Ocular area with a pair of setae, six 
eyes. Median groove needle-shaped, cervical grooves and 
radial furrows indistinct. Clypeus 0.08 high. Opisthosoma gray, 
ovoid. Leg measurements: | 7.62 (2.00, 0.25, 2.37, 1.75, 1.25); 
11 5.62 (1.50, 0.25, 1.62, 1.25, 1.00); Ill 4.57 (1.25, 0.20, 1.30, 
1.12, 0.70); IV 6.47 (1.87, 0.25, 1.75, 1.50, 1.10). Male pedipalp 
(Figure 78C-D): tibia with 3 long setae prolaterally, 5 large 
spines retrolaterally, with spine | strongest, tip asymmetrically 
bifurcated. Cymbium not constricted, earlobe-shaped process 
absent. Embolus triangular, prolateral lobe absent. Median 
apophysis with 6 needle-shaped teeth distally. Conductor C tile- 
shape in ventral view (Figure 78B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
1.70 (Figure 79A-B). Carapace 0.87 long, 0.80 wide. 
Opisthosoma 1.27 long, 0.75 wide. Clypeus 0.15 high. Leg 
measurements: | 6.49 (1.75, 0.25, 1.72, 1.50, 1.27); Il 4.69 (1.37, 
0.25, 1.27, 1.00, 0.80); Ill 3.74 (1.12, 0.20, 1.00, 0.80, 0.62); IV 
5.30 (1.50, 0.25, 1.50, 1.30, 0.75). Vulva (Figure 79C): 
spermathecae coiled, atrium fusiform, anterior margin of atrium 
with one mastoid process medially. 


Distribution. China (Guizhou). 


Leptonetela meiwang Wang & Li sp. nov. 
Figures 80-81, 97 


Type material. Holotype: male (IZCAS), Meiwang Cave, N28.09°, 
E111.43°, Nanhua, Zhenshang Town, Lodi County, HuNan 
Province, China, 27 March 2016, Y. Li & Z. Chen leg. 
Paratypes: 1 male and 1 female, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. sexdentata Wang 
& Li, 2011, L. longyu Wang & Li sp. nov., L. shicheng Wang & 
Li sp. nov. and L. zakou Wang & Li sp. nov. but can be 
distinguished by the harrow-like median apophysis, with 5 


sharp teeth distally (Figure 80B), tibia Il spine strongest (Figure 
80C) (tibia spine | strongest, tip asymmetrically bifurcated, 
median apophysis with 6 small teeth distally in L. sexdentata 
and L. zakou Wang 8 Li sp. nov., 5 in L. longyu Wang 8 Li sp. 
nov., and 10 in L. shicheng Wang & Li sp. nov.,); conductor 
short, reduced (Figure 80B) (conductor broad, C shape in L. 
sexdentata, L. longyu Wang & Li sp. nov., L. shicheng Wang & 
Li sp. nov. and L. zakou Wang & Li sp. nov.); from L. zakou 
Wang & Li sp. nov. by the teeth of median apophysis needle- 
shaped in L. zakou Wang & Li sp. nov. 


Description. Male (holotype): total length 1.75 (Figure 80A). 
Prosoma 0.70 long, 0.62 wide. Opisthosoma 1.20 long, 0.70 
wide. Carapace yellowish. Ocular area with a pair of setae, 
eyes absent. Median groove needle shaped, cervical grooves 
and radial furrows indistinct. Clypeus 0.08 high. Opisthosoma 
gray, ovoid. Leg measurements: | 9.8 (2.50, 0.37, 2.81, 2.50, 
1.62); Il 8.44 (2.30, 0.35, 2.30, 2.12, 1.37); III 7.77 (2.25, 0.30, 
2.12, 2.10, 1.00); IV 9.61 (2.50, 0.37, 2.50, 2.37, 1.87). Male 
pedipalp (Figure 80C-D): tibia with 5 spines retrolaterally, with 
spine Il strongest. Cymbium constricted at middle, earlobe- 
shaped process absent. Embolus triangular, prolateral lobe 
indistinct. Median apophysis with 5 sharp teeth distally. 
Conductor short, reduced (Figure 80B). 


Female. Similar to male in color and general features, but 
larger and with shorter legs. Total length 1.75 (Figure 81A-B). 
Prosoma 0.75 long, 0.62 wide. Opisthosoma 1.00 long, 0.75 
wide. Clypeus 0.20 high. Leg measurements: | 8.13 (2.37, 0.34, 
2.30, 1.75, 1.37); Il 7.54 (2.25, 0.34, 2.00, 1.70, 1.25); III 6.62 
(1.87, 0.30, 1.75, 1.50, 1.20); IV - (2.30, 0.34, -, -, -). Vulva 
(Figure 81C): spermathecae coiled, atrium triangular. 


Distribution. China (Hunan). 


Leptonetela tawo Wang & Li sp. nov. 
Figure 82-83, 97 


Type material. Holotype: male (IZCAS), Xianren Cave, N29.18°, 
E109.95°, Xianren, Tawo Town, Yongshun County, Hunan 
Province, China, 14 January 2016, Z. Chen & Z. Wang leg. 
Paratypes: 2 males and 2 females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. arvanitidisi Wang & 
Li, 2016, L. paragamiani Wang & Li, 2016 and L. erlong Wang & 
Li sp. nov. but can be distinguished by on the male pedipalpal 
bulb median apophysis with 4 teeth distally (Figure 82B) 
(median apophysis with 6 teeth distally in L. arvanitidisi, 3 teeth 
in L. paragamiani and 5 teeth in L. erlong Wang & Li sp. nov.); 
tibia spine | strongest, tip asymmetrically bifurcated, spines II, III 
equally strong, stronger than other 2 (Figure 82C) (tibia II-V 
spines slender, curved, and equally strong in L. arvanitidisi and 
L. erlong Wang 8 Li sp. nov., tibia III-V spines equally strong, 
slender than Il spine in L. paragamiani); from L. arvanitidisi by 


Zoological Research 38(6): 321-448, 2017 425 


“ 





Nf 


c = AE 





Tas 


Figure 80 Leptonetela meiwang sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor; 
MA: median apophysis. 
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Figure 81 Leptonetela meiwang sp. nov., paratype female 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 82 Leptonetela tawo sp. nov., holotype male 
A: Habitus, dorsal view, B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor, 
MA: median apophysis. 
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Figure 83 Leptonetela tawo sp. nov., one of the paratype females 
A: Habitus, dorsal view; B: Habitus, ventral view; C: Spermathecae, dorsal view. At: atrium; SS: spermathecae stalk; SH: spermathecae. 
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the conductor C tile-shaped (Figure 82B) (conductor triangular 
in L. arvanitidisi). 


Description. Male (holotype). Total length 1.90 (Figure 82A). 
Carapace 0.87 long, 0.75 wide. Opisthosoma 1.25 long, 0.87 
wide. Carapace yellowish. Ocular area with a pair of setae, six 
eyes. Median groove needle-shaped, cervical grooves and radial 
furrows indistinct. Clypeus 0.08 high. Opisthosoma gray, ovoid. 
Leg measurements: | 7.69 (2.00, 0.35, 2.37, 1.72, 1.25); II 5.95 
(1.75, 0.30, 1.55, 1.35, 1.00); Ill 4.60 (1.25, 0.25, 1.15, 1.10, 0.85); 
IV 7.15 (1.85, 0.30, 2.25, 1.60, 1.15). Male pedipalp (Figure 82C- 
D): tibia with 4 long setae prolaterally, 5 large spines retrolaterally, 
with spine | strongest, tip asymmetrically bifurcated, tibia spines II, 
Ill equally strong, stronger than other 2. Cymbium not constricted, 
earlobe-shaped process absent. Embolus triangular, prolateral 
lobe indistinct. Median apophysis with 4 teeth distally. Conductor 
C tile-shaped in ventral view (Figure 82B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.00 (Figure 83A-B). Carapace 0.87 long, 0.75 wide. 
Opisthosoma 1.12 long, 1.00 wide. Clypeus 0.15 high. Leg 
measurements: | 5.84 (1.62, 0.35, 1.62, 1.25, 1.00); II 4.55 (1.25, 
0.35, 1.20, 1.00, 0.75); Ill 3.62 (1.00, 0.30, 0.87, 0.85, 0.60); IV 
5.42 (1.75, 0.35, 1.37, 1.10, 0.85). Vulva (Figure 83C): 
spermathecae coiled, atrium triangular. 


Distribution. China (Guizhou). 


Leptonetela erlong Wang 8 Li sp. nov. 
Figures 84-85, 97 


Type material. Holotype: male (IZCAS), Erlong Cave, N27.82”, 
E110.23°, Siqian Town, Chenxi County, Huaihua City, Hunan 
Province, China, 19 March 2016, Y. Li & Z. Chen leg. 
Paratypes: 4 males and 2 females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. arvanitidisi Wang & 
Li, 2016, L. paragamiani Wang 8 Li, 2016 and L. tawo Wang & 
Li sp. nov. but can be distinguished by on the male pedipalpal 
bulb median apophysis with 5 teeth distally (Figure 84B) 
(median apophysis with 6 teeth in L. arvanitidisi, 4 teeth in L. 
tawo Wang & Li sp. nov. and 3 teeth L. paragamiani); from L. 
paragamiani and L. tawo Wang 8: Li sp. nov. by the tibia spines 
II-V slender, curved, and equally strong (Figure 84D) (tibia spines 
Il, IIl equally strong, stronger than other 2 in L. tawo Wang 8 Li sp. 
nov., spines III-V equally strong, more slender than spine II in L. 
paragamiani); from L. arvanitidisi by the conductor C tile-shaped 
(Figure 84B) (conductor triangular in L. arvanitidisi). 


Description. Male (holotype): total length 1.95 (Figure 84A). 
Prosoma 0.50 long, 0.80 wide. Opisthosoma 1.45 long, 1.00 
wide. Prosoma yellowish. Eyes absent. Median groove 
needle-shaped, brown. Cervical grooves and radial furrows 
indistinct. Clypeus 0.13 high, slightly sloped anteriorly. 
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Opisthosoma pale brown, ovoid, covered with short hairs, 
lacking distinct pattern. Sternum and legs yellowish. Leg 
measurements: | 6.81 (2.35, 0.35, 1.87, 1.37, 0.87); Il 5.82 
(2.25, 0.35, 1.35, 1.07, 0.80); III 5.22 (2.20, 0.30, 1.00, 0.97, 
0.75); IV 6.30 (2.30, 0.35, 1.50, 1.30, 0.85). Male pedipalp 
(Figure 84C-D): tibia with 5 spines retrolaterally, with spine | 
strongest, tip asymmetrically bifurcated, tibia spines II-V 
slender, curved, and equally strong. Cymbium constricted 
medially, earlobe-shaped process small. Embolus triangular, 
prolateral lobe indistinct. Median apophysis with 5 teeth 
distally. Conductor C tile-shaped in ventral view (Figure 84B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.30 (Figure 85A-B). Prosoma 0.85 long, 0.95 wide. 
Opisthosoma 0.87 long, 0.70 wide. Clypeus 0.20 high. Leg 
measurements: | 8.60 (2.50, 0.35, 2.20, 1.80, 1.75); Il 7.65 
(2.35, 0.30, 1.95, 1.70, 1.35); Ill 6.30 (2.15, 0.25, 2.05, 1.15, 
0.70); IV 7.85 (2.25, 0.30, 2.05, 1.75, 1.50). Vulva (Figure 85C): 
spermathecae coiled, atrium fusiform. 


Distribution. China (Hunan). 


Leptonetela dabian Wang & Li sp. nov. 
Figures 86-87, 97 


Type material. Holotype: male (IZCAS), Wuming Cave, N25.75°, 
E107.92°, Dabian, Sandong Town, Sandu County, Qiannan 
Prefecture, Guizhou, China, 22 March 2013, H. Zhao & J. Liu 
leg. Paratypes: 2 females, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. thracia Wang 8 Li, 
2011 and L. chuan Wang & Li sp. nov., but can be distinguished 
by the male pedipalal tibia with 3 spines prolaterally, 5 slender 
spines, retrolaterally (Figure 86C-D) (tibia with 4 long setae 


prolaterally, 5 large spines retrolaterally, spines I, Il equally 
strong, stronger than others in L. thracia: tibia with 7 long setae 
prolaterally, 5 large spines retrolaterally, spines |, Il, Ill equally 


strong, stronger than others in L. chuan Wang & Li sp. nov.); tip 
of median apophysis bent upwards, with 3 larger teeth distally 
(Figure 86B) (tip of median apophysis bent downwards, with 5 
larger teeth distally in L. chuan Wang & Li sp. nov.; tip of 
median apophysis not bent, with 4 teeth distally in L. thracia); 
conductor thin, tongue shaped (Figure 86B) (conductor 
triangular in L. thracia and L. chuan Wang & Li sp. nov.). 


Description. Male (holotype). Total length 2.38 (Figure 864). 
Carapace 1.00 long, 0.80 wide. Opisthosoma 1.25 long, 0.90 
wide. Carapace yellow. Six eyes. Median groove needle-shaped, 
cervical grooves and radial furrows indistinct. Clypeus 0.13 high. 
Opisthosoma gray, ovoid, with pigmented spots. Leg 
measurements: | - (2.60, 0.38, 2.35, -, -): Il 7.78 (2.15, 0.38, 2.25, 
1.75, 1.25); Ill - (1.88, 0.35, 1.75, -, -); IV 8.26 (2.25, 0.38, 2.38, 
2.00, 1.25). Male pedipalp (Figure 86C-D): tibia with 3 slender 
Spines prolaterally, 5 large retrolateral spines equally strong. 





Figure 84 Leptonetela erlong sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view, D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor; 
MA: median apophysis. 
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Figure 85 Leptonetela erlong sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 


432 www.zoores.ac.cn 





Figure 86 Leptonetela dabian sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe: E: embolus; C: conductor, 
MA: median apophysis. 
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Figure 87 Leptonetela dabian sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 88 Leptonetela chuan sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view, D: Palp, retrolateral view. PL: prolateral lobe: E: embolus; C: conductor, 
MA: median apophysis. 
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Figure 89 Leptonetela chuan sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Cymbium constricted medially, attaching a small earlobe-shaped 
process retrolaterally. Embolus triangular, prolateral lobe oval. Tip 
of median apophysis bent upward, distal edge decorated with 
three small teeth. Conductor thin, tongue-shaped (Figure 86B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
240 (Figure 87A-B). Carapace 1.00 long, 0.88 wide. 
Opisthosoma 1.25 long, 1.00 wide. Clypeus 0.13 high. Leg 
measurements: | 9.51 (2.50, 0.38, 3.00, 2.13, 1.50); Il 7.38 
(2.00, 0.38, 2.13, 1.62, 1.25); Ill 6.35 (1.75, 0.35, 1.75, 1.50, 
1.00); IV 8.06 (2.25, 0.38, 2.30, 1.88, 1.25). Vulva (Figure 87C): 
spermathecae coiled, atrium triangular, and anterior margin of 
atrium with short hairs. 


Distribution. China (Guizhou). 


Leptonetela chuan Wang & Li sp. nov. 
Figures 88-89, 97 


Type material. Holotype: male (IZCAS), Chuan Cave, N27.08°, 
E105.67°, Yangchangba Town, Dafang County, Guizhou Province, 
China, 13 March 2011, H. Chen 8 Z. Zha leg. Paratype: 1 
female, same data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. thracia Wang 8 Li, 
2011 and L. dabian Wang & Li sp. nov., but can be 
distinguished by the male pedipalpal tibia with 7 long setae 
prolaterally, 5 slender spines retrolaterally, with spines l, Il, Ill 
equally strong, stronger than others (Figure 88D) (tibia with 4 
long setae prolaterally, 5 slender spines retrolaterally, with 
spines l, Il equally strong, stronger than others in L. thracia; 3 
slender spines prolaterally, 5 slender retrolaterally spines 
equally strong in L. dabian Wang 8 Li sp. nov.); tip of median 
apophysis bent downwards, with 5 larger teeth distally (Figure 
88B) (tip of median apophysis not bent, with 4 teeth distally in L. 
thracia; tip of median apophysis bent upwards, with 3 larger 
teeth distally in L. dabian Wang 8 Li sp. nov.); from L. dabian 
Wang 8 Li sp. nov. by the triangular conductor (Figure 88B) 
(conductor thin, tongue-shaped in L. dabian Wang 8 Li sp. 
nov.). 


Description. Male (holotype). Total length 2.10 (Figure 88A). 
Carapace 0.83 long, 0.90 wide. Opisthosoma 1.18 long, 1.05 
wide. Carapace whitish. Ocular area with a pair of setae, eyes 
absent. Median groove, cervical grooves and radial furrows 
indistinct. Clypeus 0.13 high. Opisthosoma gray, ovoid. Leg 
measurements: | 8.79 (2.38, 0.38, 2.50, 2.13, 1.40); Il 7.77 
(2.13, 0.38, 2.18, 1.78, 1.30); Ill 7.51 (1.78, 0.35, 2.10, 1.73, 
1.55): IV 8.36 (2.25, 0.38, 2.38, 2.00, 1.35). Male pedipalp 
(Figure 88C-D): tibia with 7 long setae prolaterally, 5 large 
spines retrolaterally, with spines l, Il, Ill equally strong, 
stronger than others. Cymbium constricted medially, 
attached to a small earlobe- shaped process retrolaterally. 
Embolus triangular, prolateral lobe oval. Median apophysis 
bent downwards, with 5 larger teeth distally. Conductor 


triangular in ventral view (Figure 88B). 


Female: Similar to male in color and general features, but 
smaller and with shorter legs. Total length 2.08 (Figure 89A-B). 
Carapace 0.78 long, 0.88 wide. Opisthosoma 1.33 long, 1.03 
wide. Clypeus 0.15 high. Leg measurements: | 8.31 (2.33, 0.38, 
2.40, 1.85, 1.35); II 7.21 (2.10, 0.35, 2.08, 1.58, 1.10); Ill 6.92 
(1.93, 0.35, 1.88, 1.63, 1.13): IV 8.14 (2.30, 0.38, 2.38, 1.83, 
1.25). Vulva (Figure 89C): spermathecae loosely coiled, atrium 
triangular. 


Distribution. China (Guizhou). 


Leptonetela lihu Wang & Li sp. nov. 
Figures 90-91, 97 


Type material. Holotype: male (IZCAS), nameless Cave, N25.10°, 
E107.65°, Lihu Town, Nandan County, Hechi City, Guangxi 
Zhuang Autonomous Region, China, 31 January 2015, Y. Li 8 Z. 
Chen leg. Paratypes: 2 males and 5 females, same data as 
holotype. 


Etymology. The specific name refers to the type locality; noun. 
Diagnosis. This new species is similar to L. notabilis (Lin & Li, 
2010), L. sexdigiti (Lin & Li, 2010); and L. shuang Wang 8 Li sp. 
nov., but can be separated from L. notabilis by the male 
pedipalpal tibia spine | bifurcate (Figure 90D) (tibia spine | 
trifurcate in L. notabilis); from L. shuang Wang 8 Li sp. nov. by 
the conductor C tile-shaped, distal edge of median apophysis 
with 6 teeth (Figure 90B) (conductor triangular, distal edge of 
median apophysis with 7 teeth in L. shuang Wang & Li sp. 
nov.); from L. sexdigiti by the strongly twisted spermathecae 
(spermathecae loosely twisted in L. sexdigiti). 


Description. Male (holotype). Total length 2.13 (Figure 90A). 
Carapace 1.00 long, 0.88 wide. Opisthosoma 1.12 long, 0.75 
wide. Carapace yellowish. Ocular area with 3 long setae, six 
eyes, reduced to white spots. Median groove needle-shaped, 
cervical grooves and radial furrows distinct. Clypeus 0.13 high. 
Opisthosoma gray, ovoid. Leg measurements: | 8.23 (2.25, 0.25, 
2.38, 1.95, 1.40); Il 7.00 (2.00, 0.25, 2.00, 1.63, 1.12); Ill 6.10 
(1.75, 0.20, 1.75, 1.45, 0.95): IV 7.75 (2.10, 0.25, 2.25, 1.90, 
1.25). Male pedipalp (Figure 90C-D): basal part of tibia swollen, 
tibia with 5 spines retrolaterally, with spine | strongest, longest, 
bifurcate and located at the base of tibia. Cymbium constricted 
medially, attached to a small earlobe-shaped process 
retrolaterally. Embolus triangular, prolateral lobe oval. Median 
apophysis long and thin, with 6 small teeth distally. Conductor 
broad, C tile-shaped in ventral view (Figure 90B). 


Female (one of the paratypes). Similar to male in color and 
general features, but larger and with shorter legs. Total length 
2.50 (Figure 91A-B). Carapace 1.25 long, 0.75 wide. 
Opisthosoma 1.40 long, 1.00 wide. Clypeus 0.12 high. Leg 
measurements: | 8.00 (2.25, 0.25, 2.38, 1.75, 1.37); Il 7.00 
(2.00, 0.25, 2.00, 1.50, 1.25); Ill 5.65 (1.75, 0.20, 1.65, 1.15, 
0.90); IV 7.70 (2.10, 0.25, 2.25, 1.90, 1.20). Vulva (Figure 91C): 
spermathecae coiled, atrium fusiform. 
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Figure 90 Leptonetela lihu sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor; 
MA: median apophysis. 
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Figure 91 Leptonetela lihu sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 92 Leptonetela shuang sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view; C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe: E: embolus; C: conductor, 
MA: median apophysis. 
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Figure 93 Leptonetela shuang sp. nov., one of the paratype females 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Distribution. China (Guangxi). 


Leptonetela shuang Wang 8 Li sp. nov. 
Figures 92-93, 97 


Type material. Holotype: male (IZCAS), Shuang Cave, N25.93°, 
E107.26°, Bailong Town, Pingtang County, Qiannan Prefecture, 
Guizhou Province, China, 24 July 2012, H. Zhao leg. Paratypes: 
2 females, same data as holotype; 2 males and 6 females, 
Dongkou Cave, N25.93°, E107.25°, Longxiang, Bailong Town, 
Pingtang County, Qiannan Prefecture, Guizhou Province, China, 
25 July 2012, H. Zhao leg. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. notabilis (Lin & Li, 
2010), L. sexdigiti (Lin & Li, 2010), and L. lihu Wang & Li sp. nov., 
but can be separated from L. notabilis by the male pedipalp tibia 
spine | bifurcate (Figure 92D) (tibia spine | trifurcate in L. 
notabilis); from L. sexdigiti and L. lihu Wang & Li sp. nov. by the 
conductor triangular, distal edge of median apophysis with 7 
teeth (Figure 92B) (conductor C tile-shaped, distal edge of 
median apophysis with 6 teeth in L. sexdigiti and L. lihu Wang & 
Li sp. nov.); from L. sexdigiti by in the female spermathecae 
strongly twisted (Figure 93C) (spermathecae loosely twisted in 
L. sexdigiti). 


Description. Male (holotype). Total length 2.00 (Figure 92A). 
Carapace 0.83 long, 0.75 wide. Opisthosoma 1.25 long, 0.80 
wide. Carapace yellow. Ocular area with a pair of setae, eyes 
absent. Median groove needle-shaped, cervical grooves and 
radial furrows indistinct. Clypeus 0.13 high. Opisthosoma 
whitish, ovoid. Leg measurements: | 7.74 (2.03, 0.38, 2.25, 1.80, 
1.28); Il 6.65 (1.77, 0.35, 1.83, 1.50, 1.20); Ill 5.68 (1.57, 0.35, 
1.50, 1.28, 0.98); IV 7.38 (1.92, 0.38, 2.05, 1.78, 1.25). Male 
pedipalp (Figure 92C-D): basal of tibia swollen, tibia with 3 long 
setae prolaterally, 1 long setae and 5 spines retrolaterally, with 
spine | strongest, longest, bifurcate and located at the base of 
the tibia. Cymbium constricted medially, attached to a small 
earlobe-shaped process retrolaterally. Embolus triangular, 
prolateral lobe oval. Median apophysis long and thin, with 7 
small teeth distally. Conductor triangular (Figure 92B). 


Female (one of the paratypes). Similar to male in color and 
general features, but smaller and with shorter legs. Total length 
1.98 (Figure 93A-B). Carapace 0.88 long, 0.75 wide. 
Opisthosoma 1.13 long, 0.88 wide. Clypeus 0.13 high. Leg 
measurements: | 7.34 (1.93, 0.38, 2.13, 1.65, 1.25): Il 6.41 
(1.75, 0.35, 1.78, 1.50, 1.03), Ill 5.50 (1.52, 0.35, 1.45, 1.30, 
0.88): IV 7.03 (1.87, 0.38, 2.05, 1.63, 1.10). Vulva (Figure 93C): 
spermathecae coiled, atrium triangular. 


Distribution. China (Guizhou). 


Leptonetela encun Wang & Li sp. nov. 
Figures 94-95, 97 


Type material. Holotype: male (IZCAS), Encun Cave, N25.08°, 
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E107.59°, En, Chengguan Town, Nandan County, Hechi City, 
Guangxi Zhuang Autonomous Region, China, 30 January 2015, 
Y. Li & Z. Chen leg. Paratypes: 1 male and 1 female, same 
data as holotype. 


Etymology. The specific name refers to the type locality; noun. 


Diagnosis. This new species is similar to L. robustispina (Chen 
et al., 2010) but can be distinguished by the male pedipalpal 
tibia with 5 spines retrolaterally, with spine | longest, spines |, 
Il, lll equally strong, stronger than others (Figure 94D), distal 
edge of median apophysis linear, with 8 teeth (Figure 94B) 
(tibia with 5 spines retrolaterally, with spine | longest, distal 
edge of median apophysis semicircular, with 12 teeth in L. 
robustispina). 


Description. Male (holotype). Total length 2.00 (Figure 94A). 
Carapace 0.90 long, 0.75 wide. Opisthosoma 1.25 long, 0.88 
wide. Carapace yellowish, with one seta on the median part. Six 
eyes. Median groove needle-shaped, cervical grooves and 
radial furrows indistinct. Clypeus 0.10 high. Opisthosoma gray, 
ovoid. Leg measurements: | - (1.88, -, -, -, -); Il 6.25 (1.75, 0.25, 
1.87, 1.38, 1.00): Ill 4.96 (1.38, 0.20, 1.38, 1.20, 0.80), IV 6.86 
(2.00, 0.25, 1.88, 1.63, 1.10). Male pedipalp (Figure 94C-D): 
tibia with a few clusters of short spines dorsally, 8 long setae 
retrolaterally, and 5 spines retrolaterally, spine | longest. 
Cymbium constricted medially, attached to a small earlobe- 
shaped process retrolaterally. Embolus triangular, prolateral 
lobe indistinct. Median apophysis harrow-like, distal edge round, 
with 8 small teeth. Conductor triangular in ventral view (Figure 
94B). 


Female: Similar to male in color and general features, but 
larger and with shorter legs. Total length 2.13 (Figure 95A-B). 
Carapace 0.88 long, 0.75 wide. Opisthosoma 1.00 long, 1.05 
wide. Clypeus 0.11 high. Leg measurements: | 6.50 (1.75, 
0.25, 2.00, 1.50, 1.00); 11 5.01 (1.38, 0.25, 1.50, 1.13, 0.75); III 
4.45 (1.25, 0.20, 1.25, 1.00, 0.75); IV 5.52 (1.50, 0.25, 1.62, 
1.25, 0.90). Vulva (Figure 95C): spermathecae coiled, atrium 
fusiform. 


Distribution. China (Guangxi). 


Leptonetela zhai Wang & Li, 2011 
Figures 96-97 


Leptonetela zhai Wang 8 Li, 2011: 17, Figures 69A-D, 70A-B, 
71C-D. 


Material examined. 4 females (IZCAS), Rudong Cave, 
N25.57?, E110.62°, Longpan Mountain, Dongtian, Hucheng Town, 
Xingan County, Guilin City, Guangxi Zhuang Autonomous 
Region, China, 08 November 2012, Z. Chen & Z. Zhao leg. 


Description. Male. See Wang & Li (2011). 





Figure 94 Leptonetela encun sp. nov., holotype male 
A: Habitus, dorsal view; B: Palpal bulb, ventral view: C: Palp, prolateral view; D: Palp, retrolateral view. PL: prolateral lobe; E: embolus; C: conductor, 
MA: median apophysis. 


Zoological Research 38(6): 321-448, 2017 443 





Figure 95 Leptonetela encun sp. nov., paratype female 
A: Habitus, dorsal view: B: Habitus, ventral view, C: Spermathecae, dorsal view. At: atrium: SS: spermathecae stalk, SH: spermathecae. 
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Figure 96 Leptonetela zhai Wang 8 Li, 2011, one female from the type locality 
A: Habitus, dorsal view; B: Habitus, ventral view; C: Spermathecae, dorsal view. At: atrium; SS: spermathecae stalk; SH: spermathecae. 


Zoological Research 38(6): 321-448, 2017 445 


E105 E 110° 


N30? 


Chongqing 
& 


3 


N25* 


Guangxi 


200 kilometers 





Figure 97 Locality records for forty-six new species of Leptonetela in China 

1: L. chakou sp. nov. (Sichuan, China); 2: L. changtu sp. nov. (Guizhou, China); 3: L. chenjia sp. nov. (Guizhou, China); 4: L. chuan sp. nov. (Guizhou, 
China); 5: L. dabian sp. nov. (Guizhou, China); 6: L. dao sp.nov. (Guizhou, China); 7: L. dashui sp. nov. (Guizhou, China); 8: L. encun sp. nov. 
(Guangxi, China); 9: L. erlong sp. nov. (Hunan, China); 10: L. feilong sp. nov. (Guizhou, China); 11: L. gang sp. nov. (Guizhou, China); 12: L. gubin sp. 
nov. (Guizhou, China); 13: L. huoyan sp. nov. (Hubei, China); 14: L. jiahe sp. nov. (Guangxi, China); 15: L. kangsa sp. nov. (Guizhou, China); 16: L. la 
sp. nov. (Guizhou, China); 17: L. langdong sp. nov. (Guizhou, China); 18: L. liangfeng sp. nov. (Guizhou, China); 19: L. lianhua sp. nov. (Jiangxi, 
China); 20: L. lihu sp. nov. (Guangxi, China); 21: L. liuguan sp. nov. (Guizhou, China); 22: L. liuzhai sp. nov. (Guangxi, China); 23: L. longli sp. nov. 
(Guangxi, China); 24: L. longyu sp. nov. (Hunan, China); 25: L. lujia sp. nov. (Guizhou, China): 26: L. meiwang sp. nov. (Hunan, China): 27: L. mayang 
sp. nov. (Guizhou, China), 28: L. nanmu sp. nov. (Guizhou, China): 29: L. niubizi sp. nov. (Guizhou, China): 30: L. panbao sp. nov. (Guizhou, China), 
31: L. qiangdao sp. nov. (Guizhou, China); 32: L. rudong sp. nov. (Guangxi, China): 33: L. sanyan sp. nov. (Guizhou, China); 34: L. shanji sp. nov. 
(Guizhou, China): 35: L. shicheng sp. nov. (Hunan, China); 36: L. shuang sp. nov. (Guizhou, China); 37: L. shuilian sp. nov. (Guangxi, China); 38: L. 
tawo sp. nov. (Hunan, China); 39: L. tiankeng sp. nov. (Guizhou, China); 40: L. wangjia sp. nov. (Guizhou, China); 41: L. wenzhu sp. nov. (Guizhou, 
China); 42: L. wuming sp. nov. (Guizhou, China); 43: L. xianren sp. nov. (Hubei, China); 44: L. xiaoyan sp. nov. (Guizhou, China); 45: L. xinhua sp. 
nov. (Hunan, China); 46: L. zakou sp. nov. (Hunan, China). 


Female. Total length 2.12 (Figure 96A-B). Carapace 0.80 long, 


0.73 wide. Opisthosoma 1.27 long, 0.85 wide. Clypeus 0.12 
high. Leg measurements: | 6.61 (1.62, 0.37, 1.65, 1.87, 1.10); Il 
5.39 (1.77, 0.30, 1.25, 1.12, 0.95); III 4.16 (1.12, 0.27, 1.02, 
1.00, 0.75); IV 5.72 (1.50, 0.30, 1.55, 1.35, 1.02). Vulva (Figure 
96C): spermathecae coiled, atrium fusiform, anterior margin of 
atrium with short hairs. 


Distribution. China (Guangxi). 
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Remarks. The female of the species is described for the first 
time. Females of Leptonetela zhai were collected from the 
same cave where the male holotype of L. zhai Wang & Li, 2011 
was found. 


Leptonetela tianxinensis (Tong & Li, 2008) comb. nov. 
Leptoneta tianxinensis Tong & Li, 2008: 382, Figures 5A-G 
(89). 


Type material examined. Paratypes: 12 males, 6 females 
(IZCAS), Tianxin Cave, N33.35°, E111.88°, Sandaohe, Qilipo 
Town, Neixiang County, Henan Province, China, 24 June 2005, 
Q. Wang 8 Y. Tong leg. 


Remarks. Our research showed that this species should be 
transferred to the genus Leptonetela, based on the result of DNA 
barcoding and morphological characters such as the pedipalpal 
femur lacking spines and the tibia with one strong spine 
retrolaterally. 


Leptonetela gigachela (Lin & Li, 2010) comb. nov. 
Guineta gigachela Lin 8 Li, 2010: 6, Figures 1A, 2A—E, 3A-B 
(89). 


Type material examined. Holotype: male (IZCAS), Qingzi 
Cave, N26.51°, E107.99°, Mianxi, Sankeshu Town, Kaili City, 
Guizhou Province, China, 26 May 2007, Y. Li & J. Liu leg. 
Paratypes: 2 males and 12 females, same data as holotype. 


Remarks. Our studies showed that that Guineta Lin 4 Li, 2010 
syn. nov. should be a junior synonym of Leptonetela Kratochvil, 
1978. 


Leptonetela notabilis (Lin & Li, 2010) comb. nov. 
Sinoneta notabilis Lin & Li, 2010: 83, Figures 55A-B, 56A-C, 
57A-C (39). 


Type material examined. Holotype: male (IZCAS), 
Hebiandong Cave, Kaikou Town, Duyun City, N26.00?, 
E107.20?, Guizhou Province, China, 8 May 2006, Y. Li leg. 
Paratypes: 1 male and 1 female, same data as holotype. 


Remarks. Our studies showed that Sinoneta Lin & Li, 2010 syn. 


nov. should be a junior synonym of Leptonetela Kratochvil, 
1978. 


Leptonetela sexdigiti (Lin & Li, 2010) comb. nov. 
Sinoneta sexdigiti Lin & Li, 2010: 87, Figures 58A-B, 59A-B, 
60A-B (d 9). 


Type material examined. Holotype: male (IZCAS), Qiaotou 
Cave, Dashan, Shuangliu Town, Kaiyang County, N26.05°, 
E107.85°, Guizhou Province, China, 11 May 2006, Y. Li & Z. 
Yang leg. Paratypes: 5 males and 29 females, same data as 
holotype. 


Leptonetela sanchahe Wang & Li nom. nov. 

Qianleptoneta palmata Chen, Jia & Wang, 2010: 2902, Figures 
19A-G, 20A-F, 25G (39). 

Sinoneta palmata Wang 8 Li, 2011: 4 (Transfer from 
Qianleptoneta). 


Material examined. 1 male and 1 female (IZCAS), Sanchahe 
Cave, N26.53°, E107.70°, Sanchahe, Jialiang Town, Libo 
County, Guizhou Province, China, 16 May 2011, C. Wang 8 L. 
Lin leg. 


Etymology. The specific name refers to the type locality; noun. 


Remarks. Qianleptoneta palmata was collected from Sanchahe 
Cave in Guizhou, China and published by Chen et al. in 
December 2010. Wang & Li (2011) transfered Qianleptoneta 
palmata Chen et al, 2010 to the genus Sinoneta Lin 8 Li, 2010. 
Nevertheless, in this study our results confirmed that 
Qianleptoneta palmata belonged to the genus Leptonetela. 

Leptonetela palmata is a preoccupied name (secondary 
homonym) for a species collected from Dixian Cave in Guizhou, 
China and published by Lin & Li, in August 2010. Subsequently, 
Leptonetela sanchahe Wang 8 Li nom. nov. is proposed for the 
taxon from Sanchahe Cave, in Guizhou, China. 
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ABSTRACT 


Eukaryotic genome size data are important both as 
the basis for comparative research into genome 
evolution and as estimators of the cost and difficulty 
of genome sequencing programs for non-model 
organisms. In this study, the genome size of 14 
species of fireflies (Lampyridae) (two genera in 
Lampyrinae, three genera in Luciolinae, and one 
genus in subfamily incertae sedis) were estimated 
by propidium iodide (Pl)-based flow cytometry. The 
haploid genome sizes of Lampyridae ranged from 
0.42 to 1.31 pg, a 3.1-fold span. Genome sizes of 
the fireflies varied within the tested subfamilies and 
genera. Lamprigera and Pyrocoelia species had 
large and small genome sizes, respectively. No 
correlation was found between genome size and 
morphological traits such as body length, body width, 
eye width, and antennal length. Our data provide 
additional information on genome size estimation of 
the firefly family Lampyridae. Furthermore, this study 
will help clarify the cost and difficulty of genome 
sequencing programs for non-model organisms and 
will help promote studies on firefly genome evolution. 


Keywords: Haploid genome size; Firefly; Flow 


cytometry; Evolution 


INTRODUCTION 


Fireflies, in the family Lampyridae (Coleoptera), are well-known 
as luminescent insects and include more than 2 000 species in 
approximately 100 genera of seven subfamilies worldwide 
(Branham, 2010; Lawrence & Newton, 1995). Different firefly 
species and their developmental stages exhibit different signaling 
systems, which play important roles in sexual communication 
and defense. As such, fireflies are a good model for studying 
the evolution of luminous signaling systems (Stanger-Hall & 
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Lloyd, 2015; Stanger-Hall et al., 2007), sexual selection, and 
speciation (Lewis & Cratsley, 2008; Lloyd, 1971,1973; Ohba, 
1983). 

Eukaryotic genomes not only contain genetic information but 
also act as structural components that determine nuclear 
properties and influence various biological features such as cell 
size, developmental rate, and developmental complexity 
(Gregory & Hebert, 1999; Koshikawa et al., 2008). Genome 
size is described by either mass (pg) or number of base pairs 
(bp) (Gregory, 2005a). Eukaryotic genome size is important as 
the basis for comparative research into genome evolution and 
as an estimator of the cost and difficulty of genome sequencing 
programs for non-model organisms (Gregory, 2005b; Gregory 
et al., 2007). 

So far, the genome sizes of 5 635 animal species (3 793 
vertebrates and 2 429 invertebrates) have been recorded in the 
Animal Genome Size Database (Accessed 27 March 2017) 
(Gregory, 2017). Compared to those of mammals (14.14%, 778 
of 5 500 species) and birds (8.96%, 896 of 10 000 species), the 
genome sizes of invertebrates remain poorly studied regarding 
abundance and diversity. Of the nearly 1 000 000 described 
insect species, the genome sizes of only 930 (0.093%) have 
been estimated. Among them, more than two-thirds are from 
the Holometabolous orders Diptera (254 species), Coleoptera 
(181 species), Hymenoptera (153 species), and Lepidoptera 
(65 species) (Gregory, 2017). Coleoptera (beetles) (ca. 360 
000 species) is the largest order in the animal kingdom 
(Bouchard et al., 2011, 2009), and its 181 species with 
reported genome size estimates are mainly distributed in nine 





Received: 30 June 2017; Accepted: 01 November 2017 

Foundation items: This work was supported by grants from the 
National Natural Science Foundation of China (No. 31472035) and 
Yunnan Provincial Science and Technology Department (No. 2014FB179) 
to LXY 

"Corresponding author, E-mail: lixy@mail.kiz.ac.cn 

DOI: 10.24272/j.issn.2095-8137.2017.078 


Zoological Research 38(6): 449-458, 2017 449 


families (Tenebrionidae: 69, Chrysomelidae: 65, Coccinellidae: 


39: Dermestidae: 6, Scarabeidae: 3: Dytiscidae: 2, Carabidae: 
1; Geotrupidae: 1; Silvanidae: 1). For the luminous beetle 
family (Lampyridae), the genome sizes of 23 species from 
North America have been described recently (Lower et al., 
2017). Here, we report on genome size estimations of 14 
firefly species from China. 

To explore firefly genome size evolution and estimation of the 
cost and difficulty of future genome sequencing programs, we 
performed C-value measurements for 14 firefly species (two 
genera in Lampyrinae, three genera in Luciolinae, and one 
genera in subfamily incertae sedis) using flow cytometry. 
Although many methods for the estimation of genome size have 
been described, most genome size estimates in both animal 
and plant species estimations have been conducted using flow 
cytometry (Galbraith et al., 1983; Gregory et al., 2013; Hare 4 
Johnston, 2011). We also constructed a phylogenetic tree of the 
14 species using a mitochondrial cytochrome oxidase subunit 1 
(COI) gene fragment and discussed firefly genome size 
evolution in the phylogenetic context. The relationships of 


Table 1 Sample information in this study 


genome size to morphological traits such as body length, body 
width, antennal length, and eye width were also described. 


MATERIALS AND METHODS 


Sampling and observation of morphological characteristics 

Specimens of 14 firefly species from Yunnan, Hainan, and Hubei 
provinces of China were used for genome size estimation and 
body size measurement (Table 1). Some live specimens were 
used for estimation of genome size, with the remaining samples 
kept in 75% alcohol for morphological observation and body 
size measurement. All morphological observations and 
measurements were carried out under a dissecting microscope 
(SMZ 800, Nikon, Japan) according to Jeng et al.(2007). All 
measurements were based on male adults as females were 
difficult to collect. The abbreviations BL, BW, EL, ELW, PL, AL, 
and EYW represent body length, body width, elytral length, 
elytral width, pronotal length, antennal length, and eye width, 
respectively. BL is the sum of PL and EL (BL=PL+EL), BW is 
the greatest distance across the elytra, and EYW denotes the 


Family/subfamily Species n 


Locality/Collection information 





Kunming University of Science and Technology, Wuhua District, Kunming City, Yunnan, 
China, E102.694166°, N25.061163°, 7 September 2016, by Zhi-Wei Dong; Kunming 
Botanical Garden, Ciba Township, Wuhua District, Kunming City, Yunnan, China, 
E102.743100°, N25.138816°, 10 November 2007, Qing-Bai Hou et al, 21 September 2016, 
by Bao Wang et al; Jindian reservoir, Wuhua District, Kunming City, Yunnan, China, 
E102.776606°, N25.085929°, 21 September 2016, by Zhi-Wei Dong 

Xishuangbanna Tropical Botanical Garden, Mengla County, Xishuangbanna Prefecture, 
Yunnan, China, E101.269537°, N21.918722°, 8 November 2016, by Xue-Yan Li et al 
Nankang, Lujiang Township, Longyang District, Baoshan City, Yunnan, China, E98.768806°, 
N24.823003°, 8 November 2016, by Zhi-Wei Dong et al 

Nankang, Lujiang Township, Longyang District, Baoshan City, Yunnan, China, E98.768806°, 
N24.823003°, 8 November 2016, by Zhi-Wei Dong et al; Dahaoping, Shangyun Township, 
Tengchong County, Baoshan City, Yunnan, China, E98.730027°, N24.976472°, 17 October 


Xishuangbanna Tropical Botanical Garden, Mengla County, Xishuangbanna Prefecture, 
Yunnan, China, E101.269537°, N21.918722°, 25 November 2016, by Zhi-Wei Dong et al 
Nankang, Lujiang Township, Longyang District, Baoshan City, Yunnan, China, E98.768806°, 
N24.823003°, 8 November 2016, by Zhi-Wei Dong et al 

Kunming Botanical Garden, Ciba Township, Wuhua District, Kunming City, Yunnan, China, 
E102.743100°, N25.138816°, 20 August 2016, by Zhi-Wei Dong; Yuanjiang County, Yuxi 
City, Yunnan, China, 1986, by local villagers 

Datian, Dedang County, Lincang city, Yunnan, China, 8 October 2016, by Bo Ma 


Zongluzui Township, Tuanfen County, Wuhan City, Hubei, China 8 October 2016, by local 
Baoshang, Miaoba village, Funing County, Wenshan Prefecture, Yunnan, China, 21 


Menglun Township, Mengla County, Xishuangbanna Prefecture, Yunnan, China, 14 


Lampyridae/incertae Lamprigera yunnana 20(8) 
sedis 
Lamprigera sp1 25 
Lamprigera sp2 7 
Lampyridae/ Diaphanes nubilus 12 
Lampyrinae 
2003, by Xue-Yan Li et al 
Diaphanes sp2 12 
Diaphanes sp3 12 
Pyrocoelia pygidialis 16124 
Pyrocoelia sp1 11 
Pyrocoelia sp2 15 
villagers 
Pyrocoelia sp3 13 
October 2006, by local villagers 
Lampyridae/ Abscondita terminalis 50(20) 
Luciolinae 


Pygoluciola qingyu — 20(10) 


Pygoluciola sp1 11(15) 


Luciola sp6 20 


August 2015, by local villagers 
Zhaotong City, Yunnan, China, 20 July 2003, by Hua-Li Chen 


Menglun Township, Mengla County, Xishuangbanna Prefecture, Yunnan, China, 11 
August 2016, by local villagers 
Tunchang County, Hainan,China, 10 October 2016, by local villagers 


n: Total number of males (females) per species. #: Larvae. 
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smallest interocular width (measured horizontally). Male genitalia 
were also dissected and examined under a dissecting microscope 
to help with specimen identification. According to previous 
morphological descriptions (Ballantyne et al., 2013, Jeng et al., 
2000), all species were at least assigned to genus. For the four 
species with both male and female samples, live specimens 
collected at the same locality and time were observed to mate. 
Combined with their morphology, we confirmed they were of the 
same species. 

For the males of each species, the brains of 3--6 live specimens 
were dissected for estimating genome size, with the thoraxes 
and abdomens were directly kept in —80 °C for genomic DNA 
extraction of single individuals when necessary. At least four 
males for each species were kept in 75% ethanol as voucher 
specimens. For females of the four species (Lamprigera 
yunnana, Abscondita terminalis, Pygoluciola qingyu, and 
Pygoluciola sp1), brains of 4-6 live specimens were dissected 
to use for estimating genome size. 


Flow cytometry 

Genome size was estimated using flow cytometry (Bennett et 
al., 2003: Li et al., 2015). As with genome size estimation of 
other insects, such as the ladybird beetle (Gregory et al., 2003) 
and butterfly (Jiggins et al., 2005: Li et al., 2015), the model 
insect Drosophila melanogaster (genome size 176 Mb) (Bosco 
et al., 2007; Gregory & Johnston, 2008) was selected as the 
standard. Brain tissue from single firefly adults or larvae and the 
heads of 10 Drosophila melanogaster (Dm) adults were 
dissected under a dissecting microscope (SMZ 800, Nikon, 
Japan) and added to 60 uL of cold Galbraith buffer (Galbraith et 
al., 1983) in 1.5 mL Eppendorf tubes in Pestles (Sigma, USA) 
issue grinder, stroked 40 times with a pestle, and then added to 
cold Galbraith buffer to get a final volume of 400 uL for 
Lampyridae and 1 000 uL for Dm. Except for Pyrocoelia 
pygidialis, we prepared cell suspensions from 3-6 males and 
4-6 females of Lampyridae as biological replicates. For P. 
pygidialis, only two larva individuals were used as biological 
replicates because no live adults were collected during the 
experimental period. Finally, the Dm and firefly cell suspensions 
were filtered through a 20 um nylon filter. After this, 50 uL of the 
Dm cell suspension was added to 1.5 mL Eppendorf tubes 
containing 350 uL of the Lampyridae cell suspension. Propidium 
iodide was added to a final concentration of 50 parts per million, 
and the mixture was co-stained in the dark at 4 °C for 30-40 
min. The fluorescence of co-stained nuclei for each sample was 
quantified using an LSR Fortessa (BD, USA) with the laser 
tuned at 561 nanometers. The DNA content (pg) was 
determined by comparing the ratio of the 2C mean of the tested 
samples with the 2C mean for Dm (1C=0.18 pg) (Bennett et al., 
2003; Galbraith et al., 1983). Genome size (bp) was calculated 
from DNA content (pg) following the formula (Dolezel et al., 
2003): genome size (bp)=(0.978x10°)xDNA content (pg). 
According to this formula, each C-value was calculated based 
on the main peak of the 2C cells. 


DNA extraction, PCR amplification, and sequencing 
The genomic DNA of fireflies was obtained from the thorax and 
abdomen of a single male individual. DNA extractions were 


performed using a Gentra Puregene Blood Kit (Qiagen, 
Germany) following the manufacturer's protocols. The primers 
C1-J-2183 (5-CAACATTTATTTTGATTTTTTGG-3') and TL2-J- 
3014 (5'-TCCAATGCACTAATCTGCCATATTA-3') (Lower et al., 
2017; Simon et al., 1994) were used for amplification of the a 
part (about 800 bp) of the mitochondrial CO/ gene. The 20 uL 
reaction mixture consisted of 10 uL of 2xTrans Direct PCR 
SuperMix (Trans Direct Animal Tissue PCR Kit), 1 uL of forward 
primer (C1-J-2183) (10 umol/L), 1 uL of reverse primer (TL2-J- 
3014) (10 umol/L), 1 uL of DNA template, and 7 uL of ddH;O. 
The amplification protocol was as follows: initial denaturation 
and enzyme activation for 5 min at 94 °C, followed by 35 cycles 
for 30 s at 95 °C, 30 s at 55 °C, 60 s at 72 °C, with a final 
extension of 7 min at 72 °C, and 10 °C hold. The PCR products 
were electrophoresed using 196 agarose gel and sequenced by 
BioSune BiotechnologyCo., Ltd (ShangHai, China).. The CO/ 
sequences of seven species were from our firefly mitogenome 
project (MG200080-MG200086), and those of the other seven 
species were from the current study and were deposited in 
GenBank under accession numbers (MF375910-MF375916). 


Phylogenetic analysis 

All sequences were aligned using ClustalW and analyzed using 
MEGA 7.0 software (Kumar et al., 2016) and MrBayes version 
3.1.2 (Huelsenbeck & Ronquist, 2001). Interspecific and 
intraspecific sequence divergences were calculated using the 
General Time Reversible (STR+G+l) model with the pairwise 
deletion option in MEGA 7.0. Based on the GTR*G- model, 
maximum likelihood (ML) tree was constructed using MEGA 7.0. 
Node supports for ML were inferred with bootstrap analysis 
(500 replicates). The Bayesian tree was established with 
MrBayes Version 3.1.2. The GTR+I+G model was selected via 
Modeltest version 3.7 and MCMC was run for 300 000 
generations. The average standard deviation of split 
frequencies reached a value less than 0.01, with the Bayesian 
posterior probabilities calculated from the sample points after the 
MCMC algorithm started to converge (Zhan 8 Fu, 2011). 
Rhagophthalmus lufengensis and Rhagophthalmus ohbai 
(GenBank accession No. DQ888607.1 and AB267275.1, 
respectively) were used as outgroups (Li et al., 2007). We used 
molecular phylogeny to correct for nonindependence of related 
species (Felsenstein, 1985; Lower et al., 2017). 


Analysis of relationship between body size and genome size 
Body size measurements, including BL, BW, AL, and EYW 
were determined based on 4-5 male individuals (Table 2). The 
relationships between genome size and body size were plotted 
using ggplot2 (Wickham, 2016). Phylogenetic generalized least 
squares (PGLS) in the R package nlme (Pinheiro et al., 2017) 
was used to analyze correlations between genome size and 
explanatory variables. 


RESULTS 
Firefly morphology 


Considering that identification of fireflies at the species level is 
still unclear, especially for those species distributed in China, 
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Table 2 Summary of the genome size (GS, in pg and Mb) of males of 14 firefly species and body size information, including body length 


(BL), body width (BW), antennal length (AL), and eye width (EYW) 








Species GS (pg) GS (Mb) BL (mm) BW (mm) AL (mm) EYW (mm) N1 N2 Accession No. 
Subfamily incertae sedis 

Lamprigera yunnana 1.066+0.011 1042.4410.9 17.14+0.133 7.54+0.133 2.12+0.058 2.98+0.08 5 5 MG200082 
Lamprigera sp2 1.133+0.004 1 107.714.1 17.7540.25 7.625+0.11 2.45+0.029 3.225+0.111 3 4 MF375916 
Lamprigera sp1 1.3140.014  1281.0413.3 18.36+0.117 8.96+0.051 2.56+0.04 3.42+0.02 5 5 MF375915 
Subfamily Lampyrinae 

Diaphanes nubilus 0.52540.018 513.0+17.2 12.6+0.187 4.5+0.158 3.38+0.49 1.96+0.024 5 5 MG200080 
Diaphanes sp2 1.007+0.022 984.9+21.5 10.6+0.43 3.7810.08 5.86:0.22  1.1610.04 6 5 MF375910 
Diaphanes sp3 1.220110.04  1174.81393 16.1+0.66 7.3610.15 5.3210.177 2.7810073 6 5 MF375911 
Pyrocoelia sp3 0.42110.004 411.6410.8 20.04+0.163 10.5840.296 8.64+0.103 2.04+0.024 6 5 MF375914 
Pyrocoelia sp2 0.513+0.003 501.9+3.4 16.9+0.43 6.76+0.103  6.48t+0.27 2.140.063 6 5 MF375913 
Pyrocoelia pygidialis* 0.74340.021 726.2+20.4 12.840.255  5.410.13 5.2410.068 1.1440.024 2 5 MG200081 
Pyrocoelia sp1 0.754+0.021 737.2120.9 2210.707 8.5410.37 8.1740.068 2.0840.037 5 5 MF375912 
Subfamily Luciolinae 

Abscondita terminalis 0.503+0.01 491.548.9 10.8440.144 4.240.138 4.4610.051 2.2640.024 5 5 MG200084 
Pygoluciola sp1 0.74410.024 728.0423.5 9.8210.037  3.8440.068  3.1840.066 1.64+0.024 5 5 MG200085 
Pygoluciola qingyu 112120.114 1096.1+111.2 14+0.161 4.76+0.025  4.3840.058 1.24+0.025 5 5 MG200086 
Luciola sp6 1.228810.015 1259.2+14.5 6.3240.111 2.48+0.086 2.24+0.081 1.66+0.024 6 5 MG200083 


All values of genome size and body size are shown as mean£SE with the number of individuals used in genome size experiments (N1) and in body size 
measurement (N2): *: For Pyrocoelia pygidialis, two live larva-stage individuals were used in the GS experiment, and five adult specimens collected in 
1986 and kept in 75% ethanol were used in body size measurement. All sequences were deposited in GenBank. 


we assigned some specimens as species incertae sedis (sp) at 
a defined genus, and described their morphology (Figure 1, 
Table 2). Lamprigera was placed in the subfamily incertae sedis 
(Martin et al., 2017). Three species of Lamprigera had similar 
outer shapes (Figure 1A-C), but could be separated by their 
genital morphology. Three species of Diaphanes were easily 
separated by their antennae (Figure 1D—F). Four species of 
Pyrocoelia were separated by their wing and luminous organs 
(Figure 1G-J). Four species of Luciolinae were separated into 
three genera, including Abscondita, Pygoluciola, and Luciola by 
their wing, abdomen, luminous organs, and genitalia (Figure 1K—N). 


Firefly genome size and evolution 

Flow cytometry showed distinct peak(s) for the different species 
(Figure 2). Nuclei from the heads of the 10 Dm specimens and 
the brain of a single Lamprigera sp3 male produced a single, 
broad 2C peak (Figure 2A-B), whereas mixtures of the heads 
of D. melanogaster and brain of the Lamprigerasp1 male 
produced two broad 2C peaks (Figure 2C). 

The haploid genome sizes of Lampyridae males ranged from 
0.42 (Pyrocoelia sp3) to 1.31 pg (Lamprigera sp1) (411 Mb to 1 
281 Mb) (Table 2), demonstrating 3.1-fold variation (Table 3). 
For four species: Lamprigera yunnana, Abscondita terminalis, 
Pygoluciola qingyu, Pygoluciola sp1, we also estimated the 
genome sizes of female individuals, which were found to be 
similar to those of the males (Table 4). 
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To explore the evolution of genome size within Lampyridae, 
we constructed a molecular phylogenetic tree for the tested 
species using the mitochondrial CO/ sequences, which 
supported morphological taxonomy at the subfamily and genera 
levels (Table1, Figure 3). 


Relationship between genome size and body size in fireflies 
We explored the relationships between genome size and body 
size measurements, including BL, BW, AL, and EYW (Table 2). 
Our data showed no significant associations between firefly 
genome size and BL (220.011, P=0.726, A21), BW (0.016, 
P=0.669, A21), EYW (130.11, P=0.241, A71), and AL (150.045, 
P=0.469, A=0.996) (Figure 4). We further performed PGLS 
analysis between BL, AL, EYW and phylogeny. The parameters 
of AL, EYW (A21), and BW (420.996) indicated complete 
dependence on genome size between phylogeny and 
morphological traits. Pagel's parameter estimates for genome 
size supported a Brownian motion model of evolution and 
complete phylogenetic dependence (A=1.00, 9590) supported a 
neutral model (Lower et al., 2017). 


DISCUSSION 
Based on 39 species in 27 genera, the family Coccinellidae 


shows a large 26-fold genome variation (0.19—5.02 pg) (Table 
3), with a considerable 21.7-fold variation also detected in 





| 5. A 


Figure 1 Habitus of 14 firefly species (All figures show dorsal view on the left and ventral on the right) 

A: Lamprigera yunnana; B: Lamprigera sp1; C: Lamprigera sp2; D: Diaphanes nubilus; E: Diaphanes sp2; F: Diaphanes sp3; G: Pyrocoelia pygidialis; H: 
Pyrocoelia sp1: l: Pyrocoelia sp2: J: Pyrocoelia sp3; K: Abscondita terminalis, L: Pygoluciola qingyu; M: Pygoluciola sp1, N: Luciola sp6. Red arrow 
denotes two-spot luminous organ in the 8th sternite; blue arrow denotes the luminous organ occupying most of 7-8 sternites; black arrow denotes the 
luminous organ occupying 6—7 sternites; red asterisk denotes the vestige of the luminous organs. Scale bars: 0.5 mm. 
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Figure 2 Number of nuclei measured by propidium iodide fluorescence PI(PMT4)-stained flow cytometry 
Major peak is composed of 2C cells. A: Head of Drosophila melanogaster, B: Brain of Lamprigera sp1; C: Co-preparation of head of D. melanogaster 


and brain of Lamprigera sp1. 


Table 3 Comparison of genome size for fireflies (Lampyridae) and other beetle families with described genome size 











Family Genera Species Genome size (pg) Fold 
Lampyridae (Asia) 6 14 0.42-1.31 31 
(North America) 7 23 0.44-2.63 5.9 
Carabidae 1 1 0.23 NA 
Chrysomelidae 27 65 0.17—3.69 21.7 
Coccinellidae 27 39 0.19—5.02 26 
Dermestidae 1 6 0.90-1.98 2.2 
Dytiscidae 2 2 1.01-1.22 1.2 
Geotrupidae 1 1 0.83 NA 
Scarabeidae 2 3 0.8-2.71 3.39 
Silvanidae 1 1 0.25 NA 
Tenebrionidae 28 69 0.16-0.87 5 

NA: Not available because only one species was reported. 

Table 4 Summary of genome sizes (GS, in pg and Mb) of males and females from four firefly species 

Male Female N1 N3 

Species GS (pg) GS (Mb) GS (pg) GS (Mb) (Male) (Female) 
Subfamily incertae sedis 
Lamprigera yunnana 1.066+0.011 1 042.4+10.9 1.051+0.033 1 028.1+32.6 5 6 
Subfamily Luciolinae 
Abscondita terminalis 0.503+0.01 491.518.9 0.509+0.023 498.2122.7 5 4 
Pygoluciola qingyu 1.12110.114 1 096.14111.2 1.33510.071 1 305.2+70.0 5 6 
Pygoluciola sp1 0.74410.024 728.0123.5 0.758+0.03 741.5129.2 5 6 


All values of genome size are shown as mean+SE with number of males (N1) and females (N3). 


Chrysomelidae (0.17-3.69 pg) according to 65 species in 27 
genera (Gregory, 2017). A small 1.2-fold variation of genome 
size is reported in the family Dytiscidae (1.01—1.22 pg), though 
this is based on estimates of only two species. Our data from 
14 species of six genera showed that the male haploid genome 
size in Lampyridae exhibited 3.1-fold variation (Table 3), which 
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is relatively small compared to those of other currently 
estimated beetle families (Gregory, 2017) (Table 3). 
Nevertheless, compared to 2 000 species in more than 100 
genera of seven subfamilies, the tested species in this study 
accounted for only a small proportion. Thus, more species, 
subfamilies, and genera, as well as different geographical 


distributions, are needed to better explore the evolution of firefly 
genomes. As Gregory (2002) states, the C-value enigma is a 
“complex and multifaceted puzzle, immune to one dimensional 


data suggest that genome sizes are very varied in Lampyridae. 
The Lamprigera species in subfamily incertae sedis exhibited a 
relatively large genome size of more than 1 pg (Table 2, Figure 


3), which is less than 2-fold that of some Pyrocoelia species. 
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Figure 3 Phylogenetic trees of fireflies included in this study 
A: Constructed by maximum likelihood (ML) using MEGA 7.0. Nodes with support of less than 5096 were collapsed into polytomies. B: Constructed by 
Bayesian trees using MrBayes Version 3.1.2. Numbers at nodes indicate posterior probabilities. Rhagophthalmus lufengensis and R. ohbai were used 


as the outgroup. Mean genome sizes (in pg) are labeled on the right for each species. 
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Figure 4 Relationships between diploid genome size and body size (mm) in fireflies 

Genome size was log-transformed prior to analysis to conform to the assumptions of PGLS analysis (Pinheiro et al, 2017). Relationships between 
genome size and body size were plotted using ggplot2, body length (220.011, P=0.726, A=1), body width (220.016, P=0.669, A=1), eye width (220.11, 
P=0.241, A=1), and antennal length (7=0.045, P=0.469, A=0.996). A: Body length; B: Body width; C: Antennal length; D: Eye width. 


more than 2-fold. In Lampyrinae, Pyrocoelia species had 
relatively small genomes, spanning 0.42-0.75 pg (411-737 Mb), 
including the smallest known genome (0.42 pg, 411 Mb) in 
Lampyridae (Table 2); Diaphanes species showed relatively 
large genome size variation, spanning from 0.53-1.2 pg (513- 
1174 Mb), in which Diaphanes sp2 and Diaphanes nubilus, 
despite being closely related (Figure 3), showed 1.17-fold 
genome variation (Table 2). In Luciolinae, the genome sizes of 
Pygoluciola sp1 and Pygoluciola qingyu were 0.74 pg (728 Mb) 
and 1.21 pg (1 096 Mb), respectively: Abscondita terminalis had 
a relatively small genome (0.5 pg, 491 Mb), but related Luciola 
(L. sp6) species had a large genome (1.29 pg, 1 259 Mb) (Table 2: 
Figure 3). 

Except for Lamprigera yunnana, three species in Luciolinae 
exhibited slightly larger genomes in females than in males. 
According to karyotypic analysis of species in the subfamilies 
Lampyrinae, Luciolinae, and Photurinae, Lampyridae frequently 
showed X0/XX karyotype sex determination, with males of XO 
and females of XX (Dias et al., 2007), possibly explaining the 
slightly larger genome size in females than in males. Combined 
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with the facts that the neoXY type was also reported from one 
species in Photurinae (Bicellonycha lividipennis) and the 
supernumerary chromosome found in some species of 
Lampyrinae (Dias et al., 2007) and that Lamprigera still has a 
disputable position at the subfamily level (Jeng et al., 2000; Li 
et al., 2006), it is too early to explain the slight differences in 
genome size detected between males and females of this 
genera. Further karyotypic analyses of these genera should 
help to settle this question. 

Our data showed no significant association between the 
firefly genome size and morphological traits such as BL, BW, 
and EYW (Figure 4). Previous data also support no correlation 
between genome size and body size in the beetle family 
Coccinellidae (Gregory et al., 2003) and in North American 
species (Lower et al., 2017). However, for the Pimelia and 
Phylan genera in the beetle family Tenebrionidae, negative 
correlations between genome size and body size have been 
reported (Palmer & Petitpierre, 1996; Palmer et al., 2003). For 
other insects such as aphids (Finston et al., 1995; Gokhman et 
al., 2017) and mosquitos (Ferrari 4 Rai, 1989) and other 


invertebrates such as turbellarian flatworms (Finston et al., 1995) 
and copepods (Gregory et al., 2000), a positive relationship 
between body size and genome size has been described. 

Although the study of animal genome size has been ongoing 
for more than half a century, there is still a need to estimate the 
genome sizes of more animal groups by flow cytometry and 
further explore the evolution of genome size. Fast though costly 
next-generation sequencing technology will provide a 
complementary role for genome surveys, including genome 
size and complexity (Li et al., 2015). In summary, our study 
provides an estimation of the cost and difficulty of genome 
sequencing programs for non-model organisms, and will help 
promote studies on firefly genome evolution. 
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